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Every now and again I get a rush of blood to the head and decide it is time to update my teaching Notes. 

Of course, having said that, I teach less and less these days as I become more infirm, babbling and 
dribbling. So maybe this is a good time to squirt this stuff out one more time while I’m still coherent. 

These Notes have a deep and important history. They began in 1987 when I first began to teach, and my 
first attempt at providing a guide to MB342 students “Revenge of the Mutant Immunologists from Planet X”, 
still holds a warm place in my heart, as does the award winning “Herrings from Betazoid ate my brain”. My 
favorite of all, “Godzilla, Michael, and Lisa Marie*, Battle the Lords of the Death Planet [a treatise on the 
influence of Japanese theater on current theories of immunology]” was of course a best-seller, but I’ve 
been told that such silly titles project an image that I’m a bit crazy, European even, hence the current sober 
title. 

As before, these notes are full of stupid jokes which you should ignore. Ditto various ramblings and 
rantings. There are certain passages relating to multiple occasions I got banged on the head on rugby 
fields. Ignore these completely. In the latest opus I’ve put a big section on cancer therapy, a field racing 
along right now. 


Please note that in the last couple of versions I’ve covered the Wakefield disaster and the issue of 
vaccination and autism, ending in the latest versions in which I’ve written about the big outbreak of measles 
in Wales and England, and very recently in a Texas church. These notes are written for grown-ups such as 
yourselves and I apologize in advance for some naughty words. 


*Michael Jackson and Lisa Marie Presley [daughter of Elvis] had just gotten married at the time I produced 
this particular opus. The marriage lasted a few hours [i.e. even shorter than first one for the part-carbon 
part-silicon alien lifeform from planet Kardashian]. Kim has now married a foul-mouthed Rap grunter, and I 
cannot wait for the next installment.... 
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1. FIND IT, EAT IT, FORGETTABBOUDIT.... 


We crawled from the primeval slime, replaced our gills with lungs, bent up on our hind legs to look for 
predators across the African savannah, became Homo sapiens, and now Homo cellphonus. 

We swim in a sea of bacteria and viruses. From Day One we’ve had to deal with this, because our 
respiratory tract and our alimentary tract represent vast surface areas the more nasty bugs would love to 
invade. But there is much more to it than that, because [despite the abject lies that horrendous frigging 
Phillips Colon Health lady says on the commercials] we’ve developed a commensial relationship with many 
bacteria, allowing them to live in our gut where they keep the other more pathogenic bugs at bay, 
producing vitamins for us [like vitamin K], helping us digest food, and allowing us to expel vast amounts of 
methane and sulfur filled gas at inopportune moments. Since the bacteria in us vastly outnumber us, we 
are really a big bacterial colony with some human in it. 

Our interactions with bacteria drive processes in the body. A good example [maybe, jury still out] is that 
interactions with various bacteria probably drives and molds the type of responses we are capable of 
making under certain circumstances, making us less likely to make a more inappropriate response. This 
finger has been pointed at allergies, sweeping the Western World. People point to the fact that kids brought 
up on farms, eating dirt so to speak, or kids that go to the human feed-lot, day care centers, have far lower 
rates of allergy than those kids brought up in pristine conditions where they are perpetually followed around 
their spotless house by Soccer Mom clutching the Clorox wipes with which little Johnny is smeared every 
two or three minutes. Another example, perhaps not so useful, is the interaction between our immune 
system and carbohydrates on bacterial cell walls in the gut, that lead to us generating antibodies that react 
to the “blood group antigens” on red blood cells and in turn making blood transfusions much more exciting. 

Unless heavily armed, a microbe has to get inside us to do any damage. So let’s start there, with barriers 
and mucosal surfaces. 

To do nasty things to you bacteria and viruses have to first actually get inside you. To prevent this, plus to 
hold all those organs inside, you are covered in a mechanical barrier called the skin. You’ve probably seen 
it. It is actually the biggest organ in the body, about 10% of total body mass. The top part of the skin is the 
epidermis. This consists of four layers of gradually dying skin cells, with the top layer [corneum] full of dead 
cells and the molecule keratin which gives us our skin color [hence the name keratinocyte]. This 
continuously sloughs off, taking with it bacteria that have attached [as well as those wonderful rejuvenating 
creams my wife spends hundreds of dollars on]. Below is a much thicker layer, the dermis, which is mostly 
connective tissue containing blood vessels, lots of sensory nerves, hair follicles, and sweat glands. The 
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latter produce secretions that have a low pH, which most microbes do not enjoy. Underneath all this is 
another layer, the hypodermis, full of fat cells and larger versions of blood vessels and nerves. 


In the upper respiratory tract, the cilia in 
the trachea beat in an upward motion 
(the "ciliary escalator"), capturing 
inhaled particles and driving them 
upwards into the glottis, from whence 
they are swallowed. In the gut, 
assuming the ingested microbe is 
sufficiently armor-plated to survive the 
extremely low pH of stomach acid, it will 
pass into the intestines; here it may 
have difficulty in flourishing because of 
the competitive nature of the already 
established gut flora. 

In the mucous membranes of the body, 
bacteria may be destroyed by lysozyme, 
an enzyme which breaks the bacterial 
peptidoglycan cell wall, as well as being 



excluded from entering the tissues by binding by secretory IgA molecules [a class of antibodies]. 


A number of other factors in body fluids can also contribute to innate immunity. In semen, various 
polyamines can be bactericidal. In the blood, viral infections result in the elaboration of interferons, proteins 
which protect non-infected cells from the virus. Also found in the blood are iron-binding proteins, which 
deprive microorganisms of molecular iron. 

The skin is an effective barrier, but unfortunately you have to have various pipes in you so that you can 
function. The biggest is your digestive tract [gut] which goes right through you from the mouth to the anus. 
The others are the respiratory tract, so you can breathe, and the genitourinary tract, so that you can pee 
and make babies. Each of these are potential targets for nasty things to get into, so they have multiple 
defense systems, plus they are covered in gooey mucous that bugs have difficulty penetrating. For this 
reason they are called “mucosal surfaces”. 
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The mucosa differs from the skin in that while the skin is multi-layered the mucosa is a single layer of 
epithelial cells. The mucosal surface of the gut is busy. It is constantly exposed to zillions of bacteria and 
other potential pathogens for an entire lifetime. But it is a very effective barrier because of its design. The 
epithelial cells it is made up of are very tightly stuck together so that water and other small molecules can 
get through but larger molecules cannot. In addition it is covered with mucous, a gooey viscous material 
containing glycoproteins [proper name glycocalx ...”glyco-kay-lix”] full of antibodies and other nasty 
antimicrobial substances. Of the antibodies [see below] “secretory IgA” dominates; there are 10^^ cells in 
the gut immune system making as much as 5 grams of this antibody each day. 

Okay, so you are playing rugby and somebody tears your arm off. No..., that’s not a good example, 
because you’d just go to the bar while somebody stitched it back on. Okay, you are bringing your flower 
arranging diary up to date and the nasty paper gives you a paper cut. So what happens then...? 

The first response is by platelets that leak into the wound. These aggregate at the ends of the damaged 
blood vessels, change shape from discus shaped to spider like shaped cells, and then degranulate 
releasing fibrinogen which converts to fibrin, stemming the massive blood flow said paper cut induced. 

After a few hours or so, repair mechanisms get going in earnest. Keratinocytes, released from the wound 
edges, migrate in and start to arrange in sheets. Cells on the edge of this express sticky molecules 
[integrins] and extend lamellipodia, literally dragging themselves across the wound substratum. Activated 
fibroblasts start to replace the damaged connective tissues below, and locally angiogenesis starts to 
replace the capilliary bed. 

As these processes get going, neutrophils arrive. Their job is simple, kill bugs. This they do by 
phagocytosis and oxygen radical generation [some of which is released and can paradoxically contribute to 
local cell damage]. In addition, neutrophils secrete DNA and histone which forms a matrix or net, trapping 
bugs and preventing them from escaping into the blood. After a while macrophages arrive, clearing the 
wound of debris, fibrin, and dead neutrophils [most of which self-destruct by programmed cell death, also 
called apoptosis]. 

The names for our “white blood cells” was dreamed up histologists, so blame them. Hence you will see in 
text books the terms mononuclear cells, which refer to the round nuclei of lymphocytes and monocytes, 
and the term polymorphonuclear granulocytes (or "polys"), which refers both to the appearance and major 
properties of neutrophils, eosinophils, and basophils. 

In the circulating blood neutrophils predominate, comprising about 65% of total leukocytes. Lymphocytes 
come next, at about 25%, followed by smaller numbers of eosinophils (4-5%), monocytes (3%), and 
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basophils (1%). These proportions can change dramatically in pathological states, such as during 
infections. [Actual percentages can differ widely from animal to animal as well.] 

The neutrophil is a circulating end-point cell, which comprises the bulk of leukocytes [60-70% of total 
leukocytes in humans, less in mice]. They are contuously made in the bone marrow from myeloid 
precursors, a process stimulated by granulocyte colony stimulating factor [G-CSF] and controlled by IL-17 
made by T cells and IL-23 made by macrophages [all explained later]. Neutrophils are normally short-lived 
cells, dying by apoptosis after about 12-24h. They never divide and synthesize very little protein or RNA. 
They are continually produced by the bone marrow by a tightly controlled process of myelopoiesis. 
Neutrophils have an 
irregular, indented 
nucleus (although it 
often looks like it has 
several pieces of 
nuclei scattered 
around the cell, 
electron microscopy 
indicates that these 
are all connected 
together as a single 

body). The cytoplasm contains a large number of secretory vesicles and granules, the latter of which 
contain two major ingredients. The first is a large package of hydrolytic enzymes, and the second, enzymes 
capable of generating an array of molecular species of oxygen, collectively called toxic oxygen radicals, as 
well as nitric oxide, a potent anti-microbial agent. 

The function of neutrophils is to phagocytose, and then biochemically fry, bacteria and other infectious 
agents. With its array of hydrolases and highly oxidative radicals, the cell is well equipped for this purpose. 
Neutrophils are short-lived [less than a day unless triggered] and then die by apoptosis [programmed cell 
death]. They are considered “resting” cells, a jolly good idea considering the jello-making molecules tucked 
safely away in their granules. 

The neutrophil is a ravenous beast. It must patrol the whole body in search of prey, knowing full well that its 
life will be brief otherwise. Live bacteria, dead host cells, it doesn’t actually matter. We are born to kill. Of 
course, given that our mucosal and skin surfaces have several trillion bacteria [sorry Clorox Wipes Soccer 
Mom] chances are good we will get a chance to blast out some splendidly lethal oxygen radicals before we 
ourselves blow up in a blaze of glory. Nor do we have to continually get blasted around in the blood if we 
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don’t want to; it is equally honorable to sequester in the lungs or liver sinusoids and just lie in wait. Several 
hundred thousand puff adders can’t be wrong. 


One of the first questions posed about professional phagocytes like neutrophils was “how on earth do they 
actually know what to eat”? Now we are realizing that they possess a huge array of receptor systems 
capable of recognizing all sorts of microbial molecules, and in addition molecules released by our own cells 
when they are damaged. 

We’ll get to this later but our pals studying the fruit fly, Drosophila, identified lots of cool genes, with 
competing labs all coming up with crazier and crazier names to label them. One gene, that they called Toll 
[German for light beer I was once told] was able to detect molecular “patterns” expressed by nasty fungi 
who enjoy nibbling on said flies. So, guess what, when we looked for similar genes in humans we found a 
whole bunch of them, now called the Toll-like receptors, or “pattern recognition molecules”. These can see 
all sorts of stuff like bacterial peptidoglycan, or viral DNA sequences. 

Not surprisingly given their job, neutrophils express most of these [they only lack TLR3 and TLR7]. Until 
recently, it was thought TLRs could just see molecules of foreign origin, but now we know they can see 
host molecules, called damage associated molecular patterns [DAMPs] or “alarmins”. In my very last rugby 
match I attempted to tackle this behemoth and he stuck his shoulder into my stomach and completely lifted 
me off the ground [and I’m hardly small]; my serum DAMPs went up significantly at that point. Prominent 
DAMPS are the heat shock proteins [hsp60 for instance], hyaluronan, precipitated uric acid, and heparin. 
Others include the nuclear protein high-mobility group protein B1 [HMGB1], which can be seen by TLR2/4 
complexes when it is released by damaged cells, which leads in turn to neutrophils pumping out oxygen 
radicals and pro-inflammatory cytokines. New evidence suggest that ATP, released by damaged cells, can 
also act as a DAMP, and that in addition to TLRs, these can be seen by a family of 22 proteins belonging to 
the NOD family [NRLs, NOD-like receptors]. NODs form “inflammasomes” when triggered by ATP and 
other molecules; these are big molecular complexes that trigger caspase activity and IL-1 production [IL-1 
is an example of a cytokine], driving inflammation. It is now thought that IL-1 is the central molecule driving 
inflammation and cell recruitment, triggering signaling pathways in turn, and resulting in the establishment 
of chemoattactant gradients that neutrophils can follow. 

Bacterial endotoxin, LPS, has long been used in lots of lab studies as a potent neutrophil activator, doing 
so we now realize via TLR4, but it is now known this only triggers neutrophil survival for a few hours, and 
other factors then kick in. If anything, it is now thought that LPS slows cell movement in chemoattractant 
gradients by counteracting the effects of IL-8, an event counterbalanced in turn by IL-33. No, I don’t 
understand this either.... 
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In the addition to the Tolls and NLRs, further constitutively expressed receptors include various C-type 
lectin receptors, as well as retinoic acid inducible gene-l [RIG-1] and melanoma differentiation associated 
protein-5 [MDA-5], which can detect microbial dsRNAs. Bacterial DNA is also detected specifically by TLR9. 


Neutrophils also express receptors for the Fc bit of the IgG type of antibodies. There are three types of 
FcRy, and cell triggering via these can drive chemotaxis. Problem is, often as not this recruits neutrophils 
into joints, and is a contributor to the pathogenesis of rheumatoid arthritis. In fact, when you develop RA, 
neutrophils are the first to turn up. 


In this regard, a major property of neutrophils is their ability to extravascate, that is, to leave blood vessels 
to go sites of bacterial implantation. If we take a scratch in the skin as an example, the local tissue damage 
results in the release of prostaglandins, as well as histamine, a small molecule belonging to a group of 
materials called vasoactive amines. This material diffuses away from the wound, and has the property of 
relaxing blood vessels (vasodilation) hence increasing the permeability of the local capillary bed. Not only 
does this allow fluid to accumulate, but neutrophils then also move out of the blood vessel and towards the 
wound site. This movement is not random, however, because the neutrophils have receptors for a large 
variety of chemoattractant molecules and they follow gradients of these until they reach the source, a 
process known as chemotaxis. 

A wound in the tissues creates local 

inflammation. Local blood vessels “ChGITIOtaxis” 

respond by putting up adhesion 
molecules on their surface 



Neutrophils have receptors for between the blood vessel 
these molecules 
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We now know that neutrophils and all the other leukocytes express "adhesion" or "homing" markers [I like 
to call them “sticky molecules”] that recognize complimentary ligands expressed by inflamed blood vessel 
endothelial cells. When these ligands are engaged the cell slows down in the blood vessel and rolls along 
the endothelial surface as it tags more and more ligands. One way to think of the overall process is to 
imagine tumbleweed rolling across the prairie and catching a fence line. Yee hoo cowboy. 

Once the cell has come to a halt even tighter stickies and ligands come into play allowing a process that 
results in the cell squeezing through the junction between two adjacent endothelial cells. Once in the 
tissues the cells follow gradients as above, but they also use a third array of stickies that allow them to 
pass through the tissue extracellular matrix, and well as chemokine receptors that bind to chemokine 
molecules immobilized on the tissue matrix surface and act as a very specific road map. 

In the circulation, neutrophils are half asleep, with very few receptors up on their surface. However when 
sticky molecules bind to their ligands on the surface of the blood vessel wall, the cell wakes up, it becomes 
activated, and its life span increases to 4-5 days or more. At the molecular level, stickies trigger a surge in 
intracellular Ca++, and this causes an organelle called the “secretory vesicle” to fuse to the cell plasma 
membrane. The vesicle contains a laundry list of receptors, most of them further stickies [integrinsj and 
chemokine receptors and various soluble factors. This sets up the neutrophil for firm binding to the 
inflamed blood vessel endothelium. 

Movement of neutrophils from the blood across the endothelial cell barrier is called diapedesis. Years ago, 
the first low resolution photos of this seemed to be suggesting the neutrophil somehow pushed its way 
through the endothelial cell, which made little sense until we realized they were moving through the 
junctions between cells. 

When neutrophils are exposed to chemoattractants they undergo cell shape polarization creating a leading 
edge at the front, and a trailing end or uropod. This is controlled by a kinase signaling system consisting of 
the C90 isoform of phosphatidylinositol 4-phosphate 5-kinase and signaling via a clathrin dependent 
vesicular pathway. This in turn drives the formation of Rac-dependent lamellipodia on the front, needed to 
play touchy feely with the endothelial surface so that they can ferret out the nearest junction. 

Initial neutrophil recruitment involves a sticky called P-selectin, which is stored inside endothelial cells [in 
vesicles called Weibel-Palade bodies] and E-selectin, which is made de novo on demand. These get 
pushed up to the apical cell membrane so they can wave hello to passing neutrophils via ligands on these 
cells [PSGL-1, ESL-1, and others including neutrophil expressed L-selectin, CD44, and some other 
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sialylated/glycosylated ligands]. This triggers “tethering and rolling”, the first step in neutrophil [and other 
white blood cells for that matter] recruitment mechanisms. The affinity of binding by these ligands is very 
high, which is needed to counteract the hemodynamic shear stress and allow cell rolling, thus preventing 
the cell heading off at high speed towards your toenails. 

The end of the rolling process is a state of tight stationary adhesion. As mentioned above, integrins, more 
specifically p2-integrins, are the key mediators. These molecules are dimeric, non-covalently linked type I 
transmembrane glycoproteins. They use variable chains [designated CD11 a, CD11 b, or CD11 c] and a 
common chain [CD18]. Part of the molecule is cytoplasmic, and it is thought that this bit stabilizes the 
cytoskeleton when the integrin is bound, allowing internal signaling and cell activation. The stickies 
mentioned above fall into this family; LFA-1 is CD11a/CD18, and Mac-1 [originally discovered as the 
receptor for complement component 3] is GD11 b/CDI 8. These integrins can in fact bind to a fairly broad 
range of blood vessel stickies, but principally ICAM on the endothelial surface. In their resting state the 
integrins appear to be bent over, but when activated they erect to an extended state, providing a high 
affinity binding site; the two chains also slide away from each other, probably pushed apart by the fluid 
shear force pumping by. These then bind strongly to integrin molecules on the neutrophil and slow down 
their rolling further until it ceases. When ICAM is ligated there are multiple signals, including Src, pyk2, 
small GTPases, and triggering of the actin cytoskeletoin. Another molecule involved is FAK [and no. I’m not 
sure what this actually stands for, but the review I read was obviously by the guys who found FAK and so it 
is obviously the most important thing since sliced bread]. 

It is now thought that the p2 integrins [GD11 a, CD11 b, and GDI 8] on the neutrophils flip “inside-out”, an 
event that seriously increases their avidity/affinity, so that the cell skids to a halt as it starts to bind to their 
counterpart ligand on the endothelial surface, ICAM-1, with secondary interactions occurring between their 
aDP2 molecules and VCAM-1 on the endothelial surface. Well, almost, because now they begin to crawl 
towards the heart of the gradient. The shearing force of the blood flow pushes the crawling neutrophils, as 
well as elongating their cell shape. As a result they very quickly find a junction between adjacent 
endothelial cells on the blood vessel wall. 

There seems to be a “guidance hierarchy” as well. Early on in this process neutrophils seem to respond 
more strongly to chemokines like IL-8 and MIP-2, but then, once crawling happily, look instead for signals 
from fMLP and the complement fragment G5a. This seems to involve switches in complex signaling I won’t 
bore you with. 

The tight junctions between endothelial cells are discontinuous, and at these points neutrophils 
extravascate. At this point the neutrophil starts to push down through this junction. At first we thought this 
was a combination of brute force and enzyme release breaking down the junction molecular basis. But new 



evidence suggests this is far from true. It was noticed for instance that very little fluid was lost, something 
you’d think would happen if the cell “just blasted a hole”. Now we know the endothelial cells themselves 
form projections [“invadopodia”] that function as docking structures, and this forms a sort of dome around 
the neutrophil as it enters the junction. Once in the junction, junctional adhesion molecules [JAMs] facilitate 
passage across the basement membrane and into the adjacent tissue. Once moving the cell cannot 
change its mind and go backwards; the JAM-C molecule prevents this. 

In addition to the dome, it is now also suspected that the endothelial cell surface creates rafts or nanoscale 
adhesion platforms that are loaded with ICAM, VCAM, tetraspannins, actin, and various cytoskeletal 
adapter proteins that form a type of “cup” in which the adhering neutrophil then can sit in. The combination 
of the cup and the dome structures together would encompass most of the cell in a sort of seal, thus 
explaining the lack of vascular leakage observed in studies of this event. 

Other stickies play major roles at this point, the most important being PECAM-1 [CD31]. PECAM is 
expressed on both the neutrophil surface and on the endothelial junctions, and can bind to other PECAM 
molecules on leukocytes [hemophilic interactions]. The JAMs are found in the junctions between the 
endothelial cells, and it is thought they bind LFA-1. 

To digress for a moment a couple of things about junction nomenclature. I’ve used the term tight junctions 
but I’m told that the real tight junctions mainly occur in the brain and eyes; elsewhere all the rest are 
considered “adherens junctions”.. .AJs.. .don’t ask me why. The latter are the ones we’re dealing with here, 
and are characterized by vascular endothelin cadherins which seem to cross-link adjacent endothial cells, 
further helping keeping them tightly stuck together. All this is then connected to signaling molecules 
[catenins], various kinases, and the actin cytoskeleton. The combination of these cell-to-cell adhesins, plus 
a contractile tension driven by the cytoskeleton in adjacent cells, sustains the integrity of the endothelial 
surface. 

Because of this set-up, the key event in moving down through the junction is the disassembly of this 
vascular endothelial cadherin complex, in order to create the necessary gap. Some now think the VEC 
complex has a gatekeeper type of role here, but how this works, and for that matter how the VEC gets 
reassembled is still unknown. 

Okay, so the neutrophil gets through the endothelial barrier, now what? The molecular guidance signals 
that tell leukocytes where to specifically go....a process we call chemotaxis, are mainly produced by local 
cells at the site of infection. These signals establish chemoattactant gradients that guide the incoming 
neutrophils or other leukocytes. Many of these molecules get sequestered on the apical side of the 
endothelial cell surface, often in assocation with [stuck to] heparin sulfate [explaining why they don’t just 
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float away in the blood], where they bind G-protein coupled receptors on the neutrophil surface. By the way, 
the process whereby neutrophils follow these gradients is called haptotaxis. Sorry....er...but the initial 
concept [taught by me in the 90’s] that the neutrophils are swimming through a sea of chemokines is wrong. 
Like at the blood vessel surface, the chemokines are immobilized on the surface of the tissues of the 
extracellular matrix [probably ionically, since the chemokines tend to be very negatively charged]. In 
addition, the neutrophils release further sticky molecules [stored in their granules] that help interaction with 
the matrix. These are integrins, a6pi, a5pi, and avp3,that bind to the matrix proteins laminin, fibronectin, 
and vitronectin. 

[During an infection, the bone marrow pumps up its production of neutrophils. A variety of molecules in the 
blood promote this, including leukotrienes, C5a, and IL-8 [CXCL8]. Another chemokine, CXCL12, is usually 
produced in large amounts in the bone marrow to keep neutrophils sequestered there, but during infections 
serum levels go up, and bone marrow levels way down, thus encouraging neutrophils to pop off into the 
blood]. 

With all this hilarity going on, you’d expect Mr Homeostasis to show up eventually. In this case, it is 
pentraxin PTX3, an evolutionarily conserved multimeric protein that depresses neutrophil recruitment. In 
fact, it looks like an autocrine feedback loop, because pentraxin is also in the neutrophil granules, plus it 
can itself bind pathogens, can activate complement, and can itself act as an opsonin [....we’ll explain later]. 
Right now it is thought that pentraxin seems to depress or reduce neutrophil rolling over the P-selectin 
molecule, while promoting detachment. It seems that the more neutrophils roll, the more pentraxin they 

release [i.e. classic homeostatic negative feedback]. PTX3 is also not alone.another protein, Del-1, a 

glycoprotein secreted by endothelial cells, is known to block the binding of aLP 2 to ICAM-1. In fact there 
appear to be several molecules involved in homeostatic control of all this, others include the galectins, 
resolvins, lipoxins, and GDF-15 [a member of the TGPp cytokine family]. 

As you can see from all this, we have a pretty good picture of how neutrophils get out of the blood. 
Macrophages and lymphocytes also do this, but a detailed picture is still less clear. VLA-4 is involved in 
monocyte rolling, and this and the E and P selectins help CD4 T cells roll along. VLA-4 and LFA-1 control T 
cell adhesion. 
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Current knowledge [July 2013, from Herter et al, Jl, 2013] 
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Having reached the wound site, if bacteria or other particles are present, they are phagocytosed by the 
neutrophils and exposed to all the goodies inside the neutrophil granules as well as to toxic oxygen radicals. 
The secretion of toxic oxygen radicals is preceded by a respiratory burst involving the intracellular NAPH 
oxidase enzyme complex, deriving energy from the pentose phosphate shunt. 

We started to realize this when it was noticed some time ago that when neutrophils killed bugs they used 
up more oxygen than usual. We now know why. When this “respiratory burst” is triggered the cell puts 
together several proteins [thought to be six currently] to form the enzyme NADPH oxidase. Various 
electrons bounce around and get given to oxygen molecules [making O 2 , if you like chemistry]. This 
“superoxide” radical kills bugs but it also gets converted to hydrogen peroxide by another enzyme called 
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myeloperoxdase. H 2 O 2 oxidises various compounds in the bacterium, reacts with chloride ions to make 
hypochlorous acid, which also kills bugs, and also chemically reacts to form hydroxyl radicals and “singlet 
oxygen”, equally fatal to bacteria. The beauty of all this is that this potent enzyme complex gets formed on 
the cytoplasmic membrane only when the cell needs it, plus this puts it in close proximity to the bacterium 
when the cell engulfs it. All of this turns the ingested bacterium into a peroxide beach blond while in the 
process of frying it. 

[By the way, people with genetic deficiencies in components of the NADPH oxidase develop chronic 
granulomatous disease or CGD, in which they suffer repeated infections with common bacteria and fungi]. 

In addition to “superoxide” phagocytic cells [primarily macrophages] also produce nitrogen radicals, 
particularly nitric oxide, in addition. These materials are both bacteriostatic/cidal and tumoricidal, and have 
additional properties such as causing local vascular relaxation (presumably to promote additional influx of 
cells). They are produced when arginine, in the presence of oxygen, is converted to citrulline and nitric 
oxide. This reaction is mediated by the enzyme NO synthase, with NADPH and biopterin acting as co¬ 
factors. Macrophages in particular, especially when stimulated by the cytokine gamma interferon, are 
potent producers of nitrogen radicals. NO and oxygen radicals can combine to form numerous other 
molecules, including peroxynitrite [these are probably responsible for most of the damage]. 

[In December 1992, the journal Science named nitric oxide its Moiecuie of the Year.In addition to its antimicrobiai effects, NO 

is an important vasodiiator, especiaily of the naughty bits. This is how Viagra works, by faciiitating NO production by biocking the 
enzyme that mediates down-regulatory signaling of this - when you get old like me such information becomes more relevant]. 

Okay, so what’s the deal about these granules? The contents of these get squirted out, so now we should 
talk about what’s in 'em. 

The contents of the granules are diverse. They contain bactericidal/permeability increasing protein [BPI], 
which increases the permeability of the outer membrane of Gram-negative bacteria. Another group of 
proteins with this property are the “defensins”, which are present in the granules in high concentrations. 
These appear to be primitive molecules, and are found in plants and insects in addition to vertebrates. 
Other molecules include serine proteases such as cathepsin G, which degrade the bacterial outer 
membrane, and cathelicidins, which hydrolyse bacterial phospholipids. Several of these molecules also 
have chemoattractant properties; the defensins bind to the chemokine receptor CCR6, as an example. 

Granules in neutrophils can be regarded as primary, secondary, or tertiary, depending on whether or not 
they can be stained with peroxidase, as well what they actually contain. The Azurophilic or “primary” 
granules [these stain deep blue with H&E] contain myeloperoxidase and various enzymes like elastase and 
proteases [so they can push through the tissue matrix], defensins, hydrolases, and a whole bunch of 
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phospholipases. “Specific” or secondary granules contain the integrin CD11b/CD18, various bits of the 
massive myeloperoxidase enzyme complex involved in making oxygen radicals [mainly cytochrome bsss], 
lysozyme, lactoferrin, and collaginase. The tertiary boys, the “Gelatinase granules” [gelatinase is actually 
mettaloproteinase-9] share some of these, but primarily contain various soluble receptors for the bacterial 
fragment fMLP, the CD11b/CD18 integrin, CD45, and laminin. One reason that it is thought that separate 
types of granules are needed is because this keeps molecules away from each that would otherwise 
interact - for instance the elastase in one type is kept away from lipocalin in another so it doesn’t digest it. 

Currently it is thought that the secretory granules get squirted out first, followed by the gelatinase granules 
and the specific granules, with the azurophilic granules coming out last. The current explanation for this is 
that this sets up a sequence of events, starting with transport of molecules needed for cell adhesion, then 
delivery of gelatinases that can digest basement membranes and the extracellular matrix, allowing cell 
transmigration. 


Defensins are primitive antimicrobial peptides secreted by white cells, particularly neutrophils, and some 
epithelial surfaces [Paneth cells in the small intestine as an example; these cells secrete an antimicrobial 
lectin, Regllly], particularly the gut. We have lots, 304 at last count. They are all cationic, and have three 
intramolecular disulfide bonds, creating a three-stranded p-pleated sheet structure. There are two main 
families, based on peptide length and the positions of the disulfide bonds. Members of the p-defensin 
family of peptides have been shown to induce cytokines and chemokines, illustrating they have actions 
beyond just killing bugs, and suggesting they contribute to local inflammation and wound healing. 

Granule deficiency is rare, and is the underlying problem in patients with Chediak-Higashi syndrome, who, 
you guessed it, get lots of recurrent bacterial infections. A gene mutation in mice [beige mice] causes the 
same syndrome. Killer whales get it too, apparently, but I’m sure you knew that. 

There are several surface markers on neutrophils, including Gr-1, which is highly expressed. Another 
bunch are the Ly6 family of proteins [found on several leukocyte subsets in fact]. These were found about 
30 years ago, and have a common motif called the LU domain, and a C-terminal GPI membrane anchor. 
Neutrophils express Ly6B, Ly6C, and Ly6G. Nobody is ure as yet what these actually do, but they are 
probably involved in cell migration. 

It is easy to show neutrophils gobbling up bacteria in a test tube, but chasing these in the blood flow is 
another kettle of fish altogether. One way neutrophils seem to have leveled the playing field here is to 
squirt out a type of “fishing net” consisting of a rather delightful gooey lattice to grab the passing bugs This 
lattice coats the bugs in what looks like a spider web under the EM microscope. It seems to be directly 
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lethal, but it has also been suggested this traps the secreted neutrophil granules at high concentrations 
around the equally trapped bugs. Anyway, to get to the point, these “webs” are called neutrophil 
extracellular traps, or NETs. They comprise of neutrophil DNA, combined with proteases, elastases, and 
other nasty molecules such as histones. 

We now know that NET production is tightly linked to the neutrophil secreting oxygen radicals. In addition, 
chromatin decondensation and hypercitrullination [conversion of arginine side chains into polar uncharged 
citrulline by deimination] is needed, which involves serine proteases degrading histone which then triggers 
this. The cell nucleus undergoes rounding and decondensation followed by the formation of large blebs 
between the inner and outer nuclear membranes, forming vesicles pinching off the membrane which form 
the actual NETs. This process takes a few hours, after which the neutrophil goes into lysis and dies. 

We now know that NETs consist of highly condensed chromatin containing fibrous aggregates of DNA that 
can be up to ~50nm in size. This stuff contains a variety of cationic proteins that are bactericidal; indeed, 
the chromatin/DNA lattice has to be intact for this to happen. As we noted above, production of reactive 
oxygen seems tightly linked to NET secretion [kids with CGD can’t make them]. When the chromatin 
decondenses, the nuclear membrane disintegrates, and the contents mix with the dissolving released 
granules. The cell dies, and all this stuff gets squirted out. And not just neutrophils; mast cells can do this, 
and even macrophages and eosinophils appear to squirt out mitochondrial DNA. Some bacteria are not 
amused, and make DNAase as a defense. For instance, some streptococci squirt out DNase, which can 
degrade the NET. The body itself also degrades them before they block up blood vessels, using serum 
DNase-1. 

Not all bacteria are killed however, and some, like Hemophilus, might exploit the NETs as a basis to form 
bacterial biofilms [my lab thinks Mtb does this as well]. 

There is growing realization that this mechanism may also be somewhat of a double-edged sword, 
promoting tissue damage [such as neutrophil NETs in joints causing inflammation and gout] and, because 
“self” molecules are trapped in the NETs, may promote autoimmune conditions. NETs have been 
implicated in vasculitis, SLE, and Felty’s syndrome. 

Okay, so everything is rosy, bugs are dead or damaged host cells taken care of, so what now? We know 
that neutrophils can do some serious local damage, but they can also clean up after themselves. They 
secrete VEGF-A that promotes new blood vessel formation [angiogenesis] and the metalloproteinase 
MMP-9 [digests the connective tissue matrix so the blood vessels can grow]. 
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Another entity that interacts with neutrophils are the platelets. We think of this usually in the context of 
blood clotting, but in fact platelets do much more. It is now known that platelets release over 300 molecules 
into the blood, and they are adept at binding to neutrophils, probably via their expression of TLR4. In fact, 
they express all sorts of receptors, not just TLRs, but also adhesins, and receptors for various complement 
components. It is now thought that production of CCL5 and CXCL4 by platelets plays a role in neutrophil 
recruitment. The growing concept is that platelets, especially since there are so many of them, bind 
bacterial products via TLRs, then bind to neutrophils, triggering NET formation. 

We also now think that erythrocytes also help clean up the chemokine soup neutrophils respond to, by 
binding chemokines through their Duffy antigen for chemokines [DARC]. This picks up these molecules but 
the receptor is not G-protein linked so nothing happens and as a result DARC is serving as a sink or 
scavenger for these molecules. All this seems to be homeostatically controlled by CXCL5 levels, a key 
chemokine in telling neutrophils where to go. 

As we said, neutrophils are short-lived cells, so how do we get rid of them? Neutrophil cell corpse removal 
[“efferocytosis”] has recently been explained in terms of signals that say “find me”, “eat me” or “don’t eat 
me just yet”. The primary find-me-and-eat-me signal used by neutrophils is externalized phosphatidylserine, 
but there are several, and when these molecules are bound/bridged by molecules [various complement 
components, pentraxin, for example] this makes the cell juicy for passing macrophages. However, the cells 
can also keep these at bay by expressing other molecules, two mains being CD47, and plasminogen 
activator inhibitor PAI-1. 

To again digress for a moment, the simple concept that neutrophils just spend most of their time flying 
around the bloodstream may be wrong. Certainly many of them do, but at least some seem to spend time 
in what is called “transient arrest” [which does not involve stickles], particularly in areas of low blood 
pressure, notably the pulmonary capilliary vascular bed and the liver blood sinusoids. 

As you can see, this area of the innate immunity field has come a long way. It is not so long ago that it was 
thought that neutrophils casually strolled into sites of infection by following histamine and/or prostaglandin 
gradients. Now we know that crossing the blood vessel endothelial surface is a very complicated affair, in 
which they respond to a vegetable soup of immobilized sticky molecules and chemokines that control their 
migration but also their longevity and functional abilities. 
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Eosinophils are multifunctional cells that appear in large numbers in parasitic infections [good], and in 
airway inflammation, notably asthma [bad]. They comprise of about 1-3% of white blood cells. In the latter 
case, eosinophils are recruited and activated by IL-5 secreted [mainly] by TH2 CD4 T cells. CCR3 and IL-5 
pull eosinophils into the bronchial mucosa in asthma, via the bronchial postcapillary endothelium. They 
enter the tissue by diapedesis and migrate towards the site of inflammation following matrix anchored 
exotaxin molecules. [Mice lacking these molecules show a 70% decrease in eosinophil recruitment but not 
complete, suggesting other factors are also involved]. The exotaxin molecules [there are three of them, 
CCL11, CCL24, CCL26] are potent 
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chemokines for eosinophils, triggering the cell 
via CCR3 [a receptor not found on neutrophils]. 

A further chemoattractant that seems to be 
specific for eosinophils is the complement 
fragment C3a. 

Like the neutrophil, the eosinophil has a large 
number of granules, but can be distinguished from the former cell by a number of criteria. The eosinophil is 
about 12-17um in size and has a bi-lobed nucleus, which stains blue with simple hematological stains such 
as Wrights stain, whilst the granules are very large and bright pink staining. The cell is found in the 
bloodstream, but in far higher numbers in mucosal surfaces lining the nose, gut, and vagina. The function 
of eosinophils remains essentially unknown, although a very large increase in circulating eosinophil 
numbers is often observed in individuals with parasitic worm infections, such as schistosomiasis, and other 
species such as Strongyloides, Nippostrongyloides, and Brugia. That such a response may not be 
altogether effective was demonstrated by a cover of Science magazine a decade or so ago that showed an 
electron micrograph of a Schistosoma worm, about the size of a Volkswagen, being nibbled upon by a tiny 
eosinophil. We should note also that activity is not just against helminthes, and there is evidence 
eosinophils can recognize RSV viruses. 


Eosinophils get made in the bone marrow from CD34-i- stem cells as a sort of basophil/eosinophil hybrid, 
then fully differentiate into the latter. The transcription factor that dictates this is GATA-1 [mice lacking this 
two zinc finger motif molecule can’t make them], helped by the cytokines IL-3, IL-5, and GM-CSF. IL-5 
seems to key for release into the peripheral circulation. 


The way eosinophils cross endothelial surfaces is similar to that used by neutrophils, involving the use of at 
least four a-integrins that bind to ICAM-1, VCAM-1, and [in gut tissues] MadCAM-1 on the endothelium, 
directed by the chemokine exotaxin-1.. Like neutrophils, eosinophils secrete an array of molecules, many 
of them toxic. These include collagenases, cationic proteins that are toxic to parasites, a laundry list of 
cytokines and chemokines [interleukins 2, 4, 5, 10, 12, 13, 16, 18, as well asTGFp, RANTES, exotaxins. 
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and leukotrienes], and lipids such as cysteinyl leukotrienes that cause bronchoconstriction and bronchial 
epithelia damage. In asthma basophils and TH2 CD4 T cells release cytokines specific for eosinophils. 

Eosinophils secrete a ton of cytotoxic granule cationic proteins, including major basic protein, eosinophil 
cationic protein, eosinophil peroxidase, Charcot-Leyden crystal protein, and eosinophil derived neurotoxin, 
encapsulated in a crystalline core. These molecules have ribonuclease properties which are anti-viral, and 
ECP can drive pores into target cell membranes. MBP is known to influence smooth muscle contraction, 
and may also influence peripheral nerve activity. EPO mediates the production of oxygen species 
[hypohalous acids] and nitrogen [peroxynitrite]. This is all a double-edged sword however, because 
eosinophils can cause major tissue damage. 

The granules get squirted out by regulated exocytosis and then degranulate. Not everything always gets 
blasted out at once it seems, and there is evidence that depending on the stimulus the cell can cherry pick 
[there is data showing that cells activated by interferons release RANTES but not the cationic proteins for 
example]. Exocytosis is controlled by a bunch of factors [SNAP, and SNAREs] that form a docking complex 
within cytoplasmic vesicles that get rapidly transported up to the cell membrane, where they connect to 
vesicle associated membrane protein-2 [VAMP] and a protein syntaxin-4, allowing granule release. 

Most eosinophils head for the digestive tract [looking for worms and parasites?] where they hang out in the 
lamina propria. Here, unfortunately, their accumulation can also be pathogenic - they have been implicated 
in various gastrointestinal diseases, including inflammatory bowel disease, and reflux disease. 

There is now growing evidence that eosinophils are major players in the reproductive tract, with maximum 
numbers of these cells accumulating during estrus. Here they are predominantly localized to the 
endometrial stroma below the endothelium, and at the endometrial-myometrial junction. It is thought that 
when ovariam steroids get produced, this drives chemokine and IL-5 secretion, in turn pulling in lots of 
eosinophils as a result. 

After copulation eosinophils infiltrate the endometrium, and there is a suggestion this is to protect any 
subsequent blastocyst formed therein from infection, although this is far from proven as yet. Similarly, 
eosinophils are also found in large numbers in the mammary glands, and it is possible that they help 
regulate mammary gland ductal outgrowth by secreting TGPp. 

It is now thought that eosinophils can present antigens as well, and this would perhaps explain why they 
also secrete so many cytokines that drive expansion of immune responses. This includes T cell polarization 
into different TH subsets [we’ll explain later], which the eosinophil achieves by making indoleamine 2,3- 
dioxygenase, an enzyme that affects tryptophan metabolism, which in turn polarizes T cells. 
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Eosinophils play a major role in the pathogenesis of asthma where they show up in big numbers in the 
airway lumen and lung tissues and cause much of the tissue damage, mediated it is now thought by 
exotaxin production by the afflicted local tissue cells in the lungs, skin, and esophagus. Multiple studies 
indicate that blocking IL-5 can alleviate the severity of asthma, but this still remains controversial because 
different mouse strains behave differently and this has yet to be sorted out. 


A third cell, the basophil, is also found in low 
numbers in the bloodstream. It has a small nucleus, 
which is often hard to see as it is obscured by large 
numbers of darkly staining granules. These 
granules contain large concentrations of histamine, 
and heparin (an anti-coagulant), and hence the 
basophil is considered a cousin of fixed basophilic 
tissue cells known as mast cells. Whilst the function of the circulating basophil remains unknown (it 
accumulates in tissues surrounding gut worms, and hence may have an anti-parasitic function), the mast 
cell is well known as the instigator of the allergic reaction, a reaction which plagues at least 20% of our 
population (and which we will deal with below when we examine the topic of Hypersensitivity). 

Basophils represent the least abundant of the granulocytes, comprising <1%. They were discovered by 
Ehrlich in 1897 but it took another century before their key role in the allergic reaction was determined, 
namely their triggering by IgE antibodies binding allergens followed by basophil release of histamine. This 
reflects their expression of a high affinity receptor for the heavy chain of the IgE antibody. 

Basophils are made in the bone marrow and follow a common lineage with similar mast cells driven by the 
transcription factor GATA-2. Here they then diverge, and this is controlled by another factor, CCATT 
enhancer binding protein C/EBPa. If levels of this climb, the cell becomes a basophil, if they do not the cell 
becomes a tissue mast cell. Once mature they express various markers including GDI 23, CD49b, and 
CD69, in addition to the IgE receptor [FcsRIa]. 

When this receptor gets tweaked by a conformational change when the IgE binds antigen the cell gets 
activated, but other things can also cause this, including the cytokines IL-3, IL-18 [made by macrophages], 
and IL-33 [made by airway epithelial cells and bronchial smooth muscle cells], papain, and the complement 
fragment C5a. Once triggered, the cell degranulates and bashes out tons of histamine, leukotriene C4, as 
well as IL-4, IL-6, and various chemokines. This can have a rapid and dramatic effect -anaphylaxis, and 
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you drop dead - but there is evidence a slower response also can occur causing chronic IgE-mediated 
allergic inflammation. 

Despite their low numbers, basophils play a role in the control of TH2 type T cell responses [we’ll explain 
later, but these are the T cells that control antibody responses], due mainly to their secretion of the TH2 
cytokine IL-4, which they can make tons of. This helps drive the antibody response, but also the 
differentiation of T cells into long-lived memory cells. 

Recently, a couple of curiosities have arisen. First, we have a type of antibody called IgD which doesn’t 
seem to do anything at all. But now it appears basophils can bind the back end of this and when they do so 
they produce a bunch of antimicrobial peptides [but no histamine]. In fact, the large numbers of IgD binding 
cells in the upper respiratory tract may well represent a primitive surveillance/exclusion mechanism. 

The second is the finding that certain molecules can also activate basophils directly. House dust mites, a 
very potent allergen, releases a protease that activates basophils, as do proteases made by Necator 
[hookworms]. All this suggests that the protease activated receptors [PARs] on basophils might constitute a 
signaling device a bit like the TLRs do. In this regard, basophils seem to have several TLRs, but only TLR2 
ligation can trigger them. 


The last of the four other types of leukocyte [i.e. other than lymphocytes, which we deal with later] belong 
to the monocyte/macrophage series. The monocytes represent a circulating population of cells, whilst 
macrophages can either be found wandering about in large numbers through the tissues, or as sessile or 
fixed cells. Moreover, unlike the "polys" above, the monocytes and macrophages straddle the fence 
between innate and acquired immunity, in that they are also intimately involved with various T cell- 
mediated acquired immune reactions. 

The circulating monocyte is a large spherical cell, dominated by a large round nucleus, and not much else. 
It looks just like a lymphocyte, although some histologists claim it possesses a distinctive notch in the 
nucleus (these people also sell the Brooklyn bridge in their spare time). The cell is rich in lysosomes and is 
highly phagocytic; hence it can be regarded as a professional killer cell for bacteria and other infections 
that have made it as far as the blood stream. At first, the fate of monocytes in the blood stream was not 
clear, abut now it is established that monocytes eventually give rise to differentiated tissue macrophages 
and specialized cells such alveolar macrophages and dendritic macrophages. 
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Monocytes also accumulate in sites as a result of receiving signals (cytokines) from T cells. In lesions 
caused by intracellular bacterial infections, such as tuberculosis as an example, T cells recruit very large 
numbers of monocytes into the site, creating a tissue granuloma. If the PPD diagnostic antigen is injected 
into the skin the same events occur, and is the basis of the classic delayed-type hypersensitivity reaction 
we’ll address later. 

Monocytes are very important in our antimicrobial defenses but also are implicated in pathogenic states, 
notably atherosclerosis. While they cross endothelial surfaces like the other leukocytes they also can be 
content to just crawl along these surfaces, an event called “patrolling”. They seem to come in two varieties. 
In mice LYeC^' monocytes express lots of CCR2 and are adept at getting into inflammatory sites. LY6C'° 
monocytes express the chemokine receptor CX3CR1 and these are the ones most involved in patrolling 
the blood vessel surfaces. In humans, similar subsets seem to exist that can be separated based on 
expression of CD14 and CD16. are the inflammatory ones and CD14+ CD16'^' are the patrollers. 

Monocytes respond to several chemokines, including CCL2, which controls cell recruitment, CCL7, induced 
by bacterial infections, and fractaline. They also express CCR1 and CCR5, which help them resist shear 
forces in the bloodstream and promote their ability to spread over the blood vessel endothelial surface. 
When they actually decide to cross the endothelium they use much the same sets of villains as described 
above. To cross venules they express PSGL1 and this binds P and E-selectin, L-selectin [CD62] that binds 
to a molecule called peripheral node addressin [[PNAd]. In atherosclerosis, P and E-selectin makes the 
monocyte roll on the blood vessel surface, and VCAM mediates tight adhesion. ICAM and PECAM 
contribute to this also. 

Monocytes are now accepted to be the precursors of tissue macrophage subsets. They establish the 
Langerhans cells in our skin, and the microglia in our brains. CX3CR1 dendritic cells arise from them, as do 
TNF and iNOS positive DCs [TIPs, very important in intracellular bacterial infections like TB] and 
macrophages. Monocytes with lots of LY6C can turn into CD103-I- DCs which are fabulous at carrying 
antigens to lymph nodes where they drive adaptive immune responses, whereas the LY6C low subset can 
turn into alveolar macrophages which patrol the lungs. In the wound healing process, monocytes turn into 
alternatively activated macrophages. 

Another thing we now know is that if monocytes get bored with going around the body, i.e. they are not 
triggered by anything, they can go back to the bone marrow and take a little nap until something happens 
to trigger their recruitment back out. 

The recruitment of monocytes is a characteristic of certain aseptic inflammatory conditions. They roll over 
little streaks of fat deposition in arteries and become macrophages, driving in turn the formation of the 
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plaques that kill us. In heart attacks, one consequence is the recruitment of monocytes into the heart; this 
is driven by the sharp increase in blood angiotensin-ll levels, a vasoconstrictive protein which tells the 
spleen, which acts as a reservoir of monocytes, to squirt them out. 

In contrast to monocytes, macrophages come in many shapes and sizes. Most are irregular shaped, and 
have a central, often oval, nucleus. There is extensive cytoplasm, full of mitochondria, vacuoles, and 
granules full of hydrolytic enzymes. As the Italians might say, this is a serious cell. 

A number of cell types got called by various names until the gradual realization that they were probably all 
macrophages of one variety or another. These include the Kupffer cells in the liver, dendritic cells and 
interdigitating cells in lymphoid tissue, Langerhans cells in the skin (the last three all excellent antigen 
presenting cells), and the microglial cells in the brain. All express MHC molecules (that term again!), have 
receptors for the Fc part of antibody molecules [the non-business end], but, unlike true generic garden- 
variety macrophages, are not usually very phagocytic. 

Much more is now known about dendritic cells, simply because you can now get them directly from bone 
marrow stems by adding a magic cocktail of cytokines [GM-CSF, IL-4]. Most dendritic cells seem to be 
designed to pick up soluble antigens, and they are fabulous antigen presenters due to their very high 
expression of MHC molecules. They also have a much more unfortunate property of harboring viruses, 
such as HIV and measles. In the former case, this helped explain the observation that aggressive therapy 
could clear HIV from the blood, but the virus could not be eliminated due to it hiding away in dendritic cells. 

Dendritic cells are fabulous antigen 
presenting cells. Because they are 
very spiky in appearance this 
extension of their cell membrane 
creates a very high surface area, 
maximizing potential interactions 
with passing T cells. 

[Cultured DCs; Orme lab, CSU] 

Dendritic cells are distributed in tissues throughout the body, but especially in the skin where they are 
called Langerhans cells. Many move about, and others are cessile, lurking and waiting for a bug to arrive. 
At this stage these macrophages are in what is regarded as an immature state, with low levels of MHC on 
their surface and no costimulatory molecules. 
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That is, until they pick up a virus or bacteria or whatever. They process antigen, but while they are at it, 
they become motile and hop into the nearest lymphatic to carry their new treasures to the local lymph node. 
Once there, their surface markers distinctly change as they assume a state of maturity; they put up tons of 
MHC [Class I and II], costimulatory molecules, stickles so that T cells have to roll over them, maximizing 
the chance of T cell receptor recognition of MHC/antigen peptide, and squirt out chemokines to attract 
more T cells. 

When first discovered, dendritic cells were regarded as just another garden variety of macrophages with 
this bunch having spiky hair. However it was quickly realized that DCs constitute a distinct population of 
antigen presenting cells with vastly superior presentation capacities. 

DCs are located in most tissues, including the thymus [where they play a major role in weeding out T cells 
that make the mistake of recognizing self antigens]. They can direct very strong activation signals to T cells, 
and if these are not ready to receive them the outcome can be induction of programmed cell death 
[apoptosis] rather than T cell activation. Whether a DC is “immunogenic” as opposed to “tolerogenic” 
seems to depend on the DC maturation stage. 

In tissues DCs are stellate, and only get really spiky if cultured out in vitro. Electron microscopes show the 
spikes to be very long and in some cases almost veil-like. After contact with antigen DCs disengage their 
local tissue anchor receptors [E-cadherin, a6-integrins] and migrate to lymphoid tissues where they 
undergo a maturation process and start to present this antigen to T cells. In their initial non-motile immature 
state DCs have high intracellular levels of both Class I and II MHC molecules, high endocytic activity, and 
very low levels of surface molecules [MHC, B7, etc]. In this state DCs can be regarded as sentinel cells, 
hanging out in peripheral tissues [as Langerhans cells in the dermis above the keratinocyte layer, as an 
example]. Once activated by antigen the DC is further stimulated by interacting T cells via CD40, by local 
inflammatory cytokines, as well as lots of microbial products such as CpG motifs in bacterial DNA, 
endotoxins [LPS], ceramides, viral DNA, and so on. All this gets triggered through the NFkB and rel 
transcription factors, and the cell phenotype becomes B7*^', CD40-I-, Class-1 P', and ICAM-i-, VLA-4-i-, the 
later enabling entry into the nearest lymph node. 

Once the DC achieves this maturation it is terminally differentiated, and will only live a short while if not 
further stimulated. Ligation by CD40L, or by TRANCE [member of TNF receptor family...not mind-numbing 
dance music] plus all the various cytokines produced by interested T cells provides such stimulation, and 
the DC responds by itself producing lots of cytokines, such as IL-12, and chemokines. Why are DCs so 
good at antigen presentation? The answer seems to be that they are especially well equipped to do so. In 
addition to the huge cell surface area due to the spikes, DCs possess MHC Class-ll rich compartments 
[MIICs] that discharge MHC/Ag complexes to the cell surface in short order and in much higher amounts. 
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Recent studies seem to suggest that stimulation of CD4 T cell subsets differs, with LDCs good at pushing 
TH1 responses and MDCs pushing TH2 responses. Jury is still out. 

MDCs arise from monocytes. They can be produced in monocyte cultures by adding GM-CSF and IL-4 [or 
TNF] and are CD11c+, CD40+, CD80+, and CD86+. [If you remove the cytokines, they turn back into 
monocytes]. 

As mentioned above, DCs are heterogeneous. One important subset is follicular dendritic cells. These are 
not derived directly from the bone marrow, they lack CD45, and their role seems to be to pick out B cells 
with the highest affinity for a presented antigen and drive the proliferation of these B cells. A second lot, 
touched on above, are DCs present in the cortico-medullary border and medulla of the thymus gland. 
These present self antigens and deliver strong apoptotic signals to responding thymocytes. [They probably 
do this in the periphery as well]. 

Unfortunately, DCs are very good at harboring viruses. These include CMV, the virus that causes Kaposi’s 
sarcoma in AIDS, measles, and of course HIV. In the latter, HIV infection causes DCs to clump forming 
“syncytial cells”. A major DC surface lectin, DC-SIGN, there to bind ICAM-3 on T cells, also binds HIV 
gp120, and then “presents” this to a passing T cell. Also, because of their motile properties, DCs can pick 
up HIV in mucosal fluids and take them into lymphoid tissues. 

The ability of DCs to induce tolerance or apoptosis in T cells is very important. In fact, very recent data 
suggests that migration of DCs from tissues to the lymphatics does not solely occur when the DC has 
encountered antigen, but occurs on a regular steady-state basis anyway. Under these conditions the 
antigens in question are self antigens, which if recognized by a passing T cell will induce it to go into 
apoptosis due to the lack of the needed co-stimulatory molecules. In fact this may be a major form of 
peripheral self-reactive T cell deletion [these cells recognizing self antigens not presented in the thymus]. 
As a further device to down-regulate immunity, DCs also appear able to induce regulatory T cells, which 
are CD4-i-CD25*^' Foxp3-i- and can release tons of IL-10, a key down-regulatory cytokine. 

In 2007 Ralph Steiman, a nice fellow I happen to know, and who discovered dendritic macrophages, won 
the Lasker Prize. This is often considered a precursor for Nobel recognition, and indeed, five years later 
Ralph won the Nobel Prize for Medicine. The boys in Stockholm called him in New York to tell him, only to 
learn he had died of pancreatic cancer a day or so earlier. The prize cannot be given posthumously, but 
since he was still alive when actual decision had been made, his wife got the cheque. And damned right 
too. 
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Shrimp in Lobster sauce....a brief digression.... 


The Invertebrates range from creepie-crawlie things to all those lovely crustaceans we like to chew on at 
Red Lobster. Generally, we tend to think of them as having “innate immunity only”, with no capacity for 
specificity or memory immunity. Only us vertebrates crawling out of the slime about 500 million years ago 
can do this. 

Did you know that shrimp get viruses? They do, such as white spot syndrome virus, and this is apparently 
an annoyance to our aquaculture industry, which dredges up 2 million tons of the little fellows a year. 

Many buggies, ants, bees, you name it, but also crabs and shrimp, etc, have a hemocoel rather than blood. 
In this are cells called hemocytes, which do a bunch of things like wound repair, and are also phagocytic. 
When they engulf bacteria or viruses they get surrounded by other hemocytes causing encapsulation, 
which might be a primitive version of granulomas or a particle response we are capable of. 

Fat cells [equivalent to our liver cells] and hemocytes make a whole bunch of antimicrobial peptides and 
the such [which we’ve conserved]. Insects et al also make lysozyme, and have several sticky lectin 
molecules. The latter may be related to the pattern recognition receptors, such as the Toll receptors first 
found in fruitflies we mentioned above [see next Chapter]. Some data shows that when Tolls are triggered, 
the host makes more of the antimicrobial proteins. 

Some invertebrates seem to be able to share vascular systems; an example is the sea squirt [tunicates] 
which seem to be able to fuse together. Of course humans cannot share grafts [as we will see later] but 
one paper has claimed that earthworms can. Earthworms everywhere are of course delighted. 

Bumblebees seem to remember infections. This has been shown in studies in which these busy little chaps 
were infected with bacteria, with evidence they respond faster to a second exposure. This is probably not 
memory in the way immunologists think of such things, and could be that the first infection induces more of 
things like the above-mentioned lectins, so that these bind the bacteria more quickly [and this may promote 
phagocytosis as well]. Lobsters do this as well; reflect on this when you eat one. 

Perhaps one of the mistakes we make is to look at innate mechanisms in invertebrates in terms of 
comparison to our own. Given that these two systems split in evolution not much later than when the earth 
was cooling, this is probably unrealistic of us. 
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2. FOR WHOM THE BELL TOLLS. 


In the world I grew up in there was a river, with two camps, one on each side. On one side was Innate 
Immunity, with a bunch of neutrophils and macrophages munching on the leg of a freshly killed 
pneumococcus. On the other side was Acquired Immunity, a bunch of T cells polishing their receptors and 
fine tuning them so they would fit down the side of an MHO molecule presenting a piece of the 
pneumococcus that had floated across to their side. 

But that was in the previous Century. As time went by we discovered more and more mechanisms [y 5 T 
cells, NK cells, and so forth] that just didn’t fit in properly. We were also faced with an enigma; namely, why 
did we get one type of response if the macrophage chewed up one type of bug, and another if something 
else was engulfed? On one hand we were regarding macrophages are utterly dumb, eat it, and if so moved, 
present it using an MHC molecule, but yet we suspected that these cells somehow “knew” that the thing 
they were eating needed one specific type of immunity versus another. 

As we mentioned above, this story started to open up as a result of studies by geneticists working on 
fruitflies [Drosophila]. Fruitflies are easily annoyed, especially by fungal infections. But they have some 
degree of immunity to Mr Fungus, and these clever geneticists nailed this down to a gene called Toll. The 
German word Toll, loosely translated, means fantastic, mad, amazing, barking mad etc, so why this word 
was used to name the Toll genes is anybody’s guess. This gene encoded a receptor for a repetitive antigen 
expressed by fungal pathogens which when bound triggered a signaling pathway in fruitfly macrophages 
which resulted in the production of toxic antimicrobial “defensin-like” molecules, preventing infection. 

Pretty cool, huh? So, when people started looking at mammalian cells they realized these also used this 
relatively primitive but conserved system to not recognize bugs specifically but to recognize repetitive 
structures, which we now call “pattern recognition” with the Toll receptors being “pattern recognition 
receptors”. And we just don’t have one, but a whole bunch. The first to really be studied was a receptor, 
now called Toll-like [like because we don’t have wings or buzz] receptor type 4, orTLR4 for short. It has 
been known for a long time that bacterial liposaccharide [LPS or “endotoxin”] makes macrophages go 
bonkers, squirting out cytokines like TNF by the ton. It was also known however that certain mouse strains 
didn’t do this, and to cut a long story short, these mice had a point mutation in TLR4 making them 
incapable of responding to LPS. Much of our current understanding of what we know about TLRs came 
from work by the late Charles Janeway at Yale, who noted that vaccines don’t work without adjuvants, and 
that adjuvants are mostly bacterial products like lipopolysaccharide [LPSj. By connecting the dots here, 
Janeway opened up this entire field [and had he lived, could have gotten a Nobel Prize in my opinion]. 
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Okay, so we now know that mammals have 13 sets of genes for TLRs, and that there are 10 in humans. 

But in primitive creatures [no offense if you are one] such as the sea urchin or certain jaw-less fish 
[agnathans], there are over 200 types of TLRs. 

TLRs are Type-I transmembrane receptors which have a structurally conserved architecture. The bit that 
sticks out of the membrane is a 24-residue leucine-rich repeat [LRR] tandem array repeated between 19 
and 25 times, creating a sort of solenoid or curved structure. At each end of this structure are disulfide 
bonded capping motifs that shield the hydrophobic core of the receptor chain. The intracellular part of the 
receptor shares similarities with the IL-1 receptor and is called TIR. This part is made of five large p-sheets 
connected together by flexible a-helices. When the receptor is triggered, the TIR structure dimerizes with 
an adjacent TIR and this creates a scaffold that allows recruitment/binding of a bunch of proteins called the 
“adaptor proteins” [MyD88, MAL, TRIP, TRAM, and SARM] which control the signaling process. 

Another host molecule, CD14, has a pivotal role in the binding of LPS by TLR4. CD14 promotes the 
binding of LPS by MD2, a small host protein that exists as a complex with the TLR4 receptor. It is thought 
that the acyl chains of LPS then get buried into the p-sandwich sheet structure of the MD2, presenting the 
diglucosamine head group of the LPS [lipid A] molecule to the TLR4, triggering the cell. 

So, here is the bottom line. We’ve got a whole bunch of TLRs on the surface of our macrophages. If the 
cells picks up TB, the LAM molecule on the bacterial surface is a TLR2 agonist. When TLR2 binds LAM, 
this triggers a cytokine response [IL-12] by the macrophage that drives the correct T cell response [called 
the TH1 type]. If the macrophage eats something covered in bacterial LPS, this is bound by TLR4, which 
triggers a cytokine response by the macrophage that drives T cells [TH2 type] that control the antibody 
response. This is good, an antibody response will not protect you from TB, and a TH1 response would not 
help you to much extent against extracellular bacterial infections. This then is how the macrophage “knows” 
what response to use to keep us breathing. 
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Here is a list of TLRs recognized so far [the main ones; there may be as many as 13]: 


TLR 

Ligand 

Origin 

TLR1 

Triacyl lipopeptides 

Bacteria 


OspA 

Borrelia 


Porins 

Neisseria 

TLR2 

Lipoproteins 

TB, other bacteria 


Peptidoglycans 

Gram positives 


Lipoteichoic acids 

Gram positives 


LAM 

TB 


Glycolipids 

Trepanema 


Zymosan 

Fungi 


Hemagglutinin 

Measles virus 

TLR3 

dsRNA [poly l:C] 

Viruses 

TLR4 

LPS 

Gram negatives 


Taxol 

Plant origin 


Fusion protein 

RSV virus 


Hsp60 

Chlamydia 

TLRS 

Flagellin 

Bacteria 

TLR6 

Diacyl lipoproteins 

Mycoplasma 

TLR7 

Imiquimod 

[synthetic] 

TLR9 

Unmethylated CpG DNA 

Bacteria, viruses, fungi 


As you can see, this covers a lot of the microbial universe out there. 

Once the TLRs are triggered, this information turns on a very complex signaling pathway. There are in fact 
considerable analogies between the signaling pathways in mammals and the more primitive ones in 
Drosophila. The signaling molecules in the latter have by far the better names however, like Spatzle, Tube, 
Pelle, and Cactus. We won’t bother with these complicated signaling pathways here, but they are in all the 
textbooks if you are moved to go look. 

Well, here’s just a taste. The NF-kB family of transcription factors are the key signaling molecules triggered 
by binding of TLRs. There are five related proteins in this family; kBI and kB2, c-Rel, RelA, and RelB. In 
normal cells these float around in the cytoplasm as inactive complexes, but when TLRs are triggered the 
“inhibitor of the kinase complex” or IKK gets released and go to the cell nucleus, switching on genes for all 
the inflammatory and immune mediators that then get made. Depending on which TLR get triggered, the 
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right combinations of cytokines and other mediators get secreted, pushing the acquired immune response 
in the right direction needed to deal with the particular pathogen. 

TLR activation is a double-edged sword however. It is essential for the innate immune response, as well as 
directing the type of acquired immunity subsequently generated. But prolonged activation is bad, lots of 
inflammation and toxic effects [companies making TLR directed drugs, especially TLR9 agonists built on 
the CpG bacterial DNA motifs that tickle TLR9, have recently run into this]. So, as you might imagine, TLR 
activation is tightly controlled with appropriate homeostatic feedback mechanisms. 

One of these mechanism are “soluble decoy TLRs”. When people first started looking for TLR genes they 
found multiple copies, suggesting there are non-triggering isoforms that possibly compete with the properly 
wired receptors. In terms of signaling itself, this is controlled at multiple levels by transmembrane protein 
regulators, such as ST2 [sequesters adaptor proteins], intracellular negative regulators, such as a “short” 
version of MyD88 called MyD88s, and SARM, which turns off the TRIP pathway; Tollip, which interferes 
with IRAK-1; and SOCS-1, a protein that blocks the central cytokine secretion signaling. 

There is also cross-talk with other receptor systems floating about on the cell surface. These include p2- 
integrins, FcyRs, and the TNF receptors, the binding of which can produce factors that interfere with the 
TLR induced signaling pathways. The exact significance of this has yet to be determined. 

We should also point out however that TLRs are not the only pattern recognition receptors. In fact, there 
are additional examples of PPR that operate intracellularly, including the NOD-like [NLR] family Nodi, 
Nod2, and Ipaf. They have an LRR motif, a central nucleotide binding and oligomerization domain [NOD] 
and an N-terminal caspase recruitment domain [CARD]. Nod2 is known to bind fragments of bacterial 
peptidoglycan [a potent adjuvant]. Nodi may do something similar [it appears to bind molecules from 
Shigella bacteria], and has been implicated in asthma [by promoting the inflammation associated with this 
condition...maybe... perhaps?]. Others include the cytoplasmic pattern recognition factors [CARD 
helicases]; for example the CARD RIG-1 recognizes viral dsRNA. Why have these? Maybe they represent 
a second line of defense against molecules the TLRs may have missed? 
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Here’s a list of conserved pathogen associated molecular patterns [PAMPs] recognized by germ-line 
encoded pattern recognition receptors [PPRs]. 


PPR family 

T ypes/roles/examples 

TLRs 

Multiple 

C-type lectins 

Mannose receptors, DC-SIGN, dectin-1 

Scavengers 

Surfactants A and D, CD36 

Complement 

CR3, CR4 

CARD helicases 

RIG-1 

NOD 

NOD family, NALP, IPAF 

Pentraxins 

SAP, CRP 


Can the existence of TLRs be exploited for therapeutic reasons? Some drug companies think so... 


Type 

Target 

Disease 

Drug agonist ANA975 

TLR7 

Cancer 

Heat shock protein CpnIO 

Multiple TLR 

Rheumatoid arthritis 

C007001 

TLR3 agonist 

Preclinical 

Coley compounds 

TLR9 

Carcinoma, melanoma 

Dynavax compounds 

TLR9 

HepB, allergies, cancer 

Eisai E5564 

TLR4 

Sepsis 

AS04 GSK 

TLR4 

Vaccines, incid TB 

Hemispherx 

TLR3 

Chronic fatigue 

Idera 

TLR9 

Renal carcinoma 

Innate Pharma 

TLR3/7 

Cancer 

Takeda TAK-242 

TLR4 

Sepsis 

Vaxinate 

TLRS 

Influenza [flagellin linked vaccine] 

3M 

TLR7 

Genital warts 


One molecule I listed above is Surfactant A, a major component of the alveolar surface. SP-A is a member 
of the collectins, which are a bit like the C1q complement protein [see below]. SP-A [and SP-D] have a 
collagen-like N-terminal domain, and a C-type carbohydrate binding domain at the other end. SP-A is a 
potent opsonin, which coats pathogens in the lungs and facilitates uptake by alveolar macrophages. 
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3. TWO HOUSES, EQUAL IN DIGNITY, BUT ONE FAR CLEVERER THAN THE OTHER.... 


In the first half of the twentieth century, there was a gradual realization that immunity ("unburdened by 
disease", from the Latin immunis*) could be fairly neatly divided into two "limbs". One limb was called 
"humoral" immunity (from the medieval concept of the "humors" of the body), which dealt with 
immunological reactions mediated by factors in serum, which fairly quickly became redefined to mean the 
antibodies, and other proteins called the complement components. The second limb was called "cellular" 
immunity, in that it did not involve serum factors, but instead was mediated by two classes of leukocytes, 
namely lymphocytes and macrophages. 

[* Another interpretation of this term is "unburdened.from the iaws of Caesar", in the sense that if you were an 

appointed "Protector of the Peopie" you couid say what you iiked without getting the chop (i.e. your body was 
invioiate)] 

Where did all this begin? Well, longer ago than you might think, in 1522. At that time, the Italian anatomist 
Berengario described a gland (the thymus gland) in the neck of cadavers that he thought was probably an 
endocrine gland. He noted that this gland was fairly large in children, compared to adults, but did not 
speculate further on the function of this organ. By the 20th century, it had been recorded that the gland was 
stuffed full of lymphocytes, but since no one knew what lymphocytes did exactly, no further progress was 
initially made. 

This situation changed dramatically in the early 1960's, predominantly as a result of the work of the English 
scientist, James Gowans. Gowans showed that lymph nodes play a pivotal role in allowing lymphocytes to 
pass from the blood circulation into the equally expansive lymphatic circulation. Moreover, he further 
showed that lymphocytes were very important in immune reactions, in that if you chronically drain rats of 
their lymphatic fluid (if your fingers are not too large and clumsy, you can cannulate the thoracic (lymphatic) 
duct of the rat in the shoulder area) then the animal has a hard time generating an antibody response, nor 
can it successfully reject skin grafts from genetically dissimilar donor rats. Amongst other conclusions, 
these studies led Gowans to suggest that lymphocytes were the precursors of antibody-secreting plasma 
cells, which turned out to absolutely correct. 
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Lymphocytes pass between these two systems 

At about the same time as Gowans' pioneering experiments, halfway across the world in "God's Own 
Earth", i.e. Australia (pronounced "A-stryll-eh-ah", if you are a naive of "Down-Under"), two scientists, 
Jacques Miller and Robert Good, decided to try and see if there was any connection between the potential 
role of lymphocytes in immunity, and the thymus gland, which was chock full of lymphocytes. So they sat 
on the verandah and cracked a few ice-colds, barbied some shrimp and a wombat, and designed a study. 

To do this, they decided to look at skin graft rejection in mice. Why, you might ask? Well, at this time skin 
graft rejection was considered the classic example or paradigm of "cellular immunity" (you could transfer 
this reaction with cells, but not serum). To see if the thymus gland contributed in any way to this. Miller and 
Good thymectomized* newborn mice, and then, once they had grown up to adulthood, looked to see if they 
could reject skin grafts. 

[*The technique of neonatal thymectomy is not as hard as it sounds, because the thymus is very large in newborn 
mice, and sits above the heart at the top of the sternum. The mouse is anesthetized, and a small incision made 
through the musculature in the neck just above the sternum. A small pasteur pipette connected to a suction pump is 
introduced into the incision and guided downwards to the thymus gland, which is then pulled into the pipette by 
suction. The incision is then closed with fur clips. This procedure sounds crude, but 100% survival with no apparent 
after-effects can be achieved by the practiced individual]. 


The results of Miller and Good's experiments were as follows. Control mice (given "sham" thymectomies) 
were able to reject skin grafts from genetically dissimilar donor mice. In contrast, these grafts "took" if 
implanted onto mice that had been neonatally thymectomized. Thus, the conclusions of the experiment 
were that removal of the thymus gland shortly after birth removed the ability of the mouse to express 
cellular immunity to the foreign skin grafts, hence in turn implicating the contents of the thymus gland, the 
lymphocytes, either directly or indirectly in this process. 
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Soon after these observations, a clinical report descibed a young girl with a deformed jaw-bone, heart 
defects, and absence of the parathyroid and thymus glands. After publication, other clinicians also reported 
seeing this phenomenon, which became known as DiGeorge syndrome, after the author of the initial report. 

The cause of death in these unfortunate children was usually either heart failure, or tetany resulting from 
calcium imbalance [no parathyroid], or alternatively infections due to fungi or viruses. This latter cause of 
death was subsequently attributed to the lack of the thymus gland, and hence the absence of the cellular 
limb of immunity, for reasons that should now be coming rapidly clear to you. 

A third observation that was to firmly connect the thymus to cellular immunity was made in Glasgow, 
Scotland in 1966. Glasgow (pronounced Glas-goe) is an enigma. It has some of the most beautiful 
medieval architecture in Europe, but is full of booze-sodden Scotsmen saying things like "waddayer 
lookinat Jimmie oi'ii hityer widmehead', or at least it was the last time I ventured into this fair city*. 

[*all Glaswegians refer to each other as Jimmie (pronounced Jeh-meh)] 

Anyway, Science. A group of geneticists were studying patterns of inheritance in mice, when one day they 
discovered a strange, fur-less mouse resulting from their breeding experiments. Of course, had this been 
any other type of scientific group the "runt" would have probably been discarded, but to geneticists this was 
a dream come true. Thus was born the "nude mouse", a hairless, runted little creature, which was 
notoriously hard to keep alive for any time without special precautions as a result of an inordinate 
susceptibility to common infections. Upon autopsy, it became clear why: like the children with DiGeorge 
Syndrome, the nude mouse lacked a thymus gland and hence lacked the cellular limb of immunity. This 
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was quickly further borne out by experiments that showed that the nude mouse could not reject skin grafts 
either. 

To cut a long story short, Immunologists soon came to collectively agree that the thymus gland contained 
lymphocytes that mediated cellular immunity. Moreover, they also began to realize that what these 
Thymus-dependent lymphocytes, or "T cells" for short, were doing there was undergoing some form of 
maturation cycle prior to entering the body circulation as functionally mature cells. (And, obviously, if you 
remove the thymus at a young age, this circulating population never becomes established). 

The purpose of lymphocytes is to recognize ANTIGENS. Quite simply, an antigen is anything that can 
induce an immune response. For practical purposes within this course, the reader should imagine the term 
to represent such things as the cell wall polysaccharides on a bacterium, or the glycoproteins in the coat of 
viruses, or antigens on foreign tissues such as skin grafts. As you will see later, the "antigenic universe" is 
very large and diverse. 

Simply put, antigens are (a) anything that can give rise to an immune response, and (b) the most 
commonly used word in any immunology lecture. In view of this we should perhaps spend a short time 
trying to characterize them. 

The only problem is, because antigens come in such variety and diversity, a simple characterization is 
impossible. However, there is a number of things we can say about them. 

The first is that organic materials, but not inorganic, can be antigens. The reason for this, some have 
pointed out, is that organic materials pose the greatest threat to the integrity of the host, and hence we 
have evolved an immune system capable of seeking out these types of materials. 

Of the organic materials, the proteins are the most immunogenic, with proteins containing large amounts of 
aromatic amino acids (such as tyrosine) invoking the strongest immune responses. 

Next in line come the polysaccharides; however, here we must distinguish between B and T cell responses 
in that many polysaccharides can induce a strong antibody response, but do not appear to directly 
stimulate T cells. How can this be, we hear you ask [or at least will soon], surely the T cell must see this 
antigen (plus MHC) as well, so as to guide the B cell response. There are two answers to this. First, some 
polysaccharides of bacterial origin seem to be able to trigger B cells directly (and hence have been called 
T-independent antigens). Secondly, we know from some classical experiments that T and B cells don't 
have to see the same antigenic determinants (or epitopes) of a given antigenic molecule in order for an 
antibody response to take place (for instance, the T cell might respond to a peptide onto which a large 
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carbohydrate antigen is attached). Part of this concept comes from the so-called hapten-carrier 
phenomenon, which we will return to below. 

Returning to classes of antigens, lipids by themselves are not very immunogenic, but can be made so 
when combined with proteins to form lipoproteins, or with carbohydrates to form glycolipids. A similar case 
applies to nucleic acids; these materials can be immunogenic when in association with nucleoproteins. For 
some reason, nuclear material is particularly appetizing in the case of certain autoimmune diseases, in 
which the immune system begins to attack certain of its own body tissues. 

Having established that proteins are the best immunogens, there are a number of other criteria that also 
determine just how good an antigen a given protein will be. The first is size; quite simply, the bigger the 
better. (There are a few exceptions; small peptides rich in aromatic amino acids can be immunogenic). 
Another factor is conformation; the three dimension shape of the protein can be critical in that, should the 
protein be unfolded, the immune response might be lost. Think of this in the sense that the T cell receptor 
might be seeing two specially associated domains on the antigen. When unfolded, the relevant sequences 
of these domains have been moved far away from each other. 



Native antigen 
with two regions 
forming an 
epitope 


Unfolded 

antigen 


Some tissue proteins can be antigens, depending on their location in the body. We've already touched on 
the idea that circulating proteins may be presented in the thymus so as to identify "self-reactive" T cells and 
somehow delete them before they can fully mature. A further idea is that functional T cells, circulating 
through the fetus whilst still in gestation, run into structural proteins and somehow become "tolerant" of 
them, i.e. learn not to react to them (the concept of immunological tolerance is a longstanding and 
important hypothesis in the field which we’ll get to later). However, in the deepest recesses of the body 
there lurk proteins that escape these attentions. One example would be certain structural proteins found in 
the testis, protected from the circulatory system by the blood-testis barrier. It is known that if these tissues 
are removed (the experiment has been performed in rats) and injected back into the animal elsewhere. 
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these tissues are seen as antigens, and an immune response ensues. In humans, moreover, it has been 
observed that testicular damage may result in autoimmune disease directed against this organ, and 
subsequent infertility. 

Finally, when immunizing an animal with a given antigen, the route of administration is often a critical 
parameter, depending on the nature and kinetics of the response required. 

In an immunizing schedule, various factors have to be considered. The dose of the antigen must be optimal. 
Some prior knowledge of the expected kinetics of the response must be known or predicted, so as to know 
when to assay the animal to determine the maximal response. The genetic make-up of the animal is also 
important; some animal strains may be poor or non-responders to a given antigen. 

Immunologists undoubtedly have "pet" antigens. If you read some of the older stuff, when I was in the lab a 
big favorite was SRBC (sheep erythrocytes), OVAL (ovalbumin; if the supplier has run out, just break an 
egg, now popular again because people have made transgenic mice that only have T cell receptors for 
segments of this protein), and BSA (bovine serum albumin). These are all blue-collar lunch-pail antigens, 
widely used in both teaching and research. There are of course many others, depending on the questions 
being asked. If you wish to be a yuppie immunologist, we recommend KLH (keyhole limpet 
hemocyanin). 

Adjuvants are materials that are used by immunologists to substantially boost the immune response to an 
injection of antigen. The adjuvant is mixed in with the inoculum of antigen and injected together into the 
animal to be immunized. As you may remember from above, we now think many of these work by tweaking 
the TLR system. 

The first types of adjuvant are materials that create an antigen depot at the site of injection, preventing or 
delaying dispersal of the antigen (and a consequent drop in local antigen concentration). The most widely 
used adjuvants of this type are Freunds adjuvant (a mixture of oil, emulsifiers, and dead mycobacteria), 
and Alum salts such as Al Na(S04)2.(H20)i2. 

The second type consists of materials that are believed to be directly stimulatory at the T cell or 
macrophage level [i.e. via TLR], and hence indirectly (nonspecifically) enhance the response to the injected 
antigen. These include microorganisms such as Mycobacterium bow's and Proprionium acnes, and 
polynucleotides such as polyinosinic-polycytodilic acid (poly l:C). Recently, adjuvants based on lipid-A have 
developed [such as synthetic versions of monophosphoryl-lipid, MPL]; these are being used in new TB 
subunit vaccines [the current hot one being GLA-SE adjuvant]. 
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In general, most adjuvants are also inflammatory materials, which thus recruit lymphocytes and 
macrophages to the site of injection. This factor, coupled with the other properties of the particular adjuvant, 
help to maximize the magnitude of the subsequent immune response. 

Perhaps the most widely used adjuvant, for instance in the DPT we give our kids, is alum. It was found in 
the 1920’s that this could pump up immunity to antigens, and it was thought to be due to it just creating a 
depot at the site of inoculation so the antigens couldn’t just swim off into the blood. It is only recently 
however that a more complex mechanism is involved. A bit later we’ll talk about the “inflammasome” and I’ll 
return to this topic then. 

To be honest, the whole adjuvant field is a bit of witchcraft; we use stuff ‘cos it works. As noted, it was first 
used in 1926. The idea was that it creates a depot effect, but antigen still diffuses away, nor does alum do 
anything to antigen half-life. You can cut out the injection site after only a few hours, and yet you still get 
immunity to the antigen. This suggests it’s more of a “delivery” system. It is thought the alum absorbs the 
antigen as a particle, which antigen presenting cells like to gobble up. When alum and antigen is injected 
within a few hours there is a big inflammatory response, which pulls in monocytes, DCs, NK cells, and 
neutrophils. It doesn’t seem to signal through Toll, but through the “Nlrp3 inflammasome” [see later] - once 
in the cell the alum particle seems to destabilize the endosome, that release proteases that switches this 
system on [FYI...not everyone agrees here, a contrary idea is that alum releases uric acid and this hits 
another system [DAMP, damage associated molecular pattern system]]. 

Oil in water emulsion adjuvants have a similar history here, thought at first to create a depot, now 
everybody not so sure. One new idea is that MF59, a popular O in W used in flu vaccines, triggers a bunch 
of chemokines [CCL2, CXCL8, CCL3, CCL4] that recruit monocytes and DC precursors, and switch them 
on. Immune DC cells have been shown by imaging to eat MF59 directly. Again, direct binding of Tolls 
seems not be involved. 

Toll dependent molecules are used in adjuvants, in fact this is big business. These include CpG molecules 
[hit TLR9], Imiquimod [TLR7] and a buch of Glaxo formulations [AS01, AS02, etc] which are mainly target 
TLR4, and are being tried in malaria and in TB vaccines. Right now it’s unclear if these work. 

We should mention the hapten-carrier phenomenon, if only for historical reasons. We touched upon the 
subject above that good antibody responses can sometimes be raised against polysaccharides even 
though these materials do not directly stimulate T cells. One explanation for this is based on the hapten- 
carrier theory, first suggested by experiments by Benacerraf in 1963, and confirmed a few years later by 
Mitchison. To cut a long story short, these experiments showed that antibodies could be generated against 
very small chemical "haptenic" moieties (such as dintrophenol), but only if they were chemically attached to 



much larger "carrier" protein molecules. The idea was thus born that T cells recognize antigenic 
determinants on the protein carrier, and then send cytokine/interleukin signals to B cells recognizing the 
smaller "hapten" molecules, thus permitting an antibody response to the hapten to go forward. If, on the 
other hand, the same hapten is presented to an immunized host but on a different carrier molecule, then 
there are no immune T cells present to immediately recognize the new carrier, and thus an antibody 
response to the hapten does not ensue. 

As we will develop later, macrophages don’t just plonk a bacterium or virus on a stick and waive it above 
the cell surface. Instead, antigens are processed, in which they are reduced to small bits [peptides] within 
the cell, then presented in the context of host MHC molecules. This is a complicated process; we will deal 
with this subject in detail later once we've explained what MHC molecules look like, but just to wet your 
appetite, here is just a snippet of information. 

There are two primary pathways of antigen processing, which depends on how the antigen enters the cell. 
For instance, if the antigen is part of a virus, and this virus is replicating in the cytoplasm of the cell, then a 
pathway is used which results in the viral antigen being chopped up into small peptides and then placed 
into the central cleft of a host MHC molecule, then ending up on the cell membrane for passing T cells to 
see. This type of pathway is present in all nucleated body cells, and ends up with the antigen being 
associated with a specific type of MHC molecule called a Class I [“class one’’] type. 

The second pathway only appears to exist in cells that are capable of expressing a second type of MHC 
molecule called a Class II MHC molecule. The two cells that can do this are macrophages and B cells (by 

the way, they have the other pathway as well.). In both cell types, antigens are processed in cellular 

vesicles called endosomes prior to their complexing with Class II molecules. The compartments involved 
these two processing pathways are now for the most part identified. We will discuss these later, after 
talking about MHC molecules. 


Okay, but we digressed, sorry.... Let’s get back to those T cells being made in the thymus. Before a T cell 
can recognize antigen, however, it must undergo a complex journey through the thymus gland. Only a few 
years ago this was mostly a black box, but now we have a pretty clear idea of the processes involved. The 
precursors of T cells originate in the bone marrow, and specifically home via the blood stream to the 
thymus gland. By the specific use of homing molecules on their surfaces they are able to enter the thymus 
tissues in the cortex of this organ. 
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Once in the thymic cortex (we now call the T cell a "thymocyte"), the T cell undergoes a number of 
processes that can be described as (a) maturation, in which the cell begins to undergo a series of gene 
rearrangements that allow it to express lots of indentical new receptors, and (b) selection, in which resident 
thymus cells take a very close look at the T cell to see just which antigen-specific receptor it has decided to 
express; obviously if the receptor will bind host proteins this is bad, and so the offending cell is deleted. 

These steps directly involve interactions with host molecules expressed by a major gene locus called the 
MHC. As we will see in subsequent Chapters, the T cell receptor doesn't actually recognize just antigen, 
but instead a combination of the antigen and molecules encoded by the MHC locus (wait...be patient...all 
will become clear soon...). Thus stage one, maturation, includes the selection and expression by the cell of 
a receptor that will recognize the combination of host MHC locus-encoded molecules, and specific antigen. 

But what if the T cell receptor happens to recognize host MHC molecules (on their own) just a little too 
tightly? Now, the individual T cell is seeing one of its own body's MHC molecules as an antigen, something 
to mount an immune response to. This is not good; one could be turned into jello. Hence the accepted 
purpose of the second stage, selection, is to weed out those T cells so that they do not enter the circulation 
and cause damage. 

We will return to this topic later in the course, after we have learnt about the genetics, structure, and 
function of the MHC-encoded molecules. 

If the T cell successfully completes its journey through the thymus gland, it leaves this organ through blood 
vessels in the thymic medulla. It is now a fully functional T cell, and as such will enter the blood/lymphatic 
circulatory systems in search of its specific antigen. 

The functions of T cells are varied, but can be collectively described as regulation of immunity. This can 
consist of direct mediation, such as immunity to tumors, foreign skin grafts, or certain infections; or indirect, 
such as the control of the antibody response. In other words, T cells are the masterminds of the Immune 
system, directing and controlling the response of both the cellular and humoral limbs. 

With regard to this latter limb, it soon became evident that although T cells were necessary for an antibody 
response to ensue, they themselves did not secrete these proteins. Where then, do antibody molecules 
come from? 

For the answer to this, we must once again travel back to sixteenth century Italy, this time to visit yet 
another Italian anatomist, by name Fabricius. Fabricius was interested in the anatomy of birds (as all avian 
immunologists appreciate, once the study is finished you can turn the controls into chicken tikka marsala); 
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one of his discoveries was a glandular organ in the posterior cloaca* that he described as a sac or pouch 
("bursa" in the Italian language). Henceforth, this became known as the Bursa of Fabricius, despite the fact 
that nobody had a clue what it was there for. 

[*the digestive and reproductive tracts of birds ends in a common canai, caiied the cioaca. From the Latin cioaca, 
meaning sewer. Which in ancient Rome weren't exactiy gieaming steriie stainiess steei pipes.] 


That is, until the experiments of Bruce Glick. In 1956, Glick was determined to find out if the Bursa indeed 
did have a function. He bursectomized chickens, but did not subsequently observe anything untoward. 


Soon after, however, another colleague used the same birds to generate some antibody for use in a class 
demonstration but found that the birds had made none (in fact, most birds died). To their credit, various 
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made good 
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response 



Chickens with 
Bursa removed 


Most 

died... 


The few that 
didn’t had no 
antibodies [and 
didn’t look too 
happy either...] 


cranial lightbulbs came on at this point, allowing Glick to decide to repeat these observations and 
subsequently determine that the Bursa is the source of lymphocytes that secrete antibody molecules. 


At this juncture all was happiness and joy; until someone pointed out that the Bursa was an avian organ, 
and that mammals do not have them (we don't have a cloaca either, thankfully). Thus began the GREAT 
HUNT FOR THE BURSA EQUIVALENT; a story I will not weary you with, except to say that everyone 
subsequently agreed that the bone marrow in mammals was the source of these cells. 
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Thus was born the Bursa (equivalent)-dependent lymphocyte, or "B cell" for short. Its life is somewhat less 
complicated than the T cell; it matures in the bone marrow, then enters the circulation before finding its way 
into lymphoid tissue, where it subsequently resides. It has a half-life of one to two weeks; if it is not 
stimulated by specific antigen in this time, it dies. Thus peripheral B cells are constantly being replaced by 
newly formed cells. 

B cells secrete antibody molecules after triggering by antigen, and after receiving appropriate signals from 
T cells. How are B cells initially triggered? This occurs because B cells use the antibody molecule they are 
pre-programmed to secrete, as their receptor molecule on the cell membrane. Once this receptor is 
occupied by specific antigen, then the first steps of the humoral immune response begin to proceed. Again, 
this also involves the presence of MHC-encoded molecules, so we will return to these steps later. 

You will have noticed that the term "specific antigen" has been mentioned more than once. The reason for 
this is that the lymphocyte receptor, be it the T cell receptor, or the antibody molecule receptor on the B cell, 
is highly specific for a given antigen, and that once this receptor specificity is expressed by the individual 
cell, it never changes. 

The basic reason behind this is to be found in the genome. When both the T cell and the B cell are 
undergoing differentiation and maturation, they dip into various gene pools to come up with peptide 
sequences that they can use as the "variable region" of their receptor (that is, the actual part of the 
receptor that binds to the antigen). This is apparently a random event; thus a T cell can come up with a 
receptor that will be popular, such as for influenza virus glycoprotein, or for something only found on Venus. 
Moreover, once this peptide sequence has been chosen by a particular cell, it is "locked in" and cannot be 
subsequently changed by the cell. Hence specificity is both essentially absolute, and is final. 
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4. THE LYMPHOID CIRCULATION. 


When we cut a finger, blood oozes out. We've also cut through lymphatic capillaries, but within these there 
are no bright red colored cells, and so we are not consciously aware of them. In fact, most of the lay public 

are unaware of the fact that we have two, rather than one, vast circulatory systems in the body.the 

vascular system containing the blood, and the lymphatic system containing lymphatic fluid and 
lymphocytes. 

Both circulatory systems are very extensive, and are linked together by thoracic lymphatic ducts (one or 
more depending on the species) which drain into the blood stream in the upper thorax (in man, via the 
subclavian vein). There is a constant exchange of tissue fluid between the two systems, and (because the 
numbers of lymphocytes in the blood do not significantly fluctuate in the normal host), there is clearly some 
basic homeostatic control that keeps the numbers of lymphocytes entering and leaving the blood circulation 
at a fairly constant level. 

The lymphatic system consists of fluid (called lymph) and cells. The lymph is formed from tissue fluid 
leaking out from blood capillaries, and which is not reclaimed by the venous blood system. 

Most of the cells in lymph are lymphocytes, whilst a few are macrophages. These latter cells are 
wandering tissue macrophages that have engulfed something interesting and are usually found heading 
down an afferent lymphatic vessel to the local lymph node in order to show their T cell friends. On the other 
side of the lymph node, the efferent lymphatic vessel is carrying circulating cells back to the bloodstream; 
these are virtually pure lymphocyte populations. 

To understand the relationships of these systems further, we need to consider the routes various 
lymphocytes may take, and the nature of the various lymphoid tissues through which they may pass. 

To consider the T cell first, when mature T cells leave the thymic medulla they enter the blood stream. 

They then enter lymphoid tissues at two major sites, within the spleen, or within the lymph nodes. In the 
spleen, it is thought that most T cells initially enter by crossing the wall of arterioles where they initially 
appear in aT cell-rich peri-arteriolar sheath (PALS). Once having entered, the T cells migrate around the 
paracortex [marginal zones] of the splenic lymphoid tissues (called the T cell-dependent areas of the 
spleen, because, obviously, in T cell deficient animals these regions are devoid of cells). When you look at 
such areas under the microscope, the tissue is dead, deceased, gone before, it is an ex-tissue, singing in 
the choir eternal, and smelling distinctly of formaldehyde. It is thus easy to forget you are looking at a 
dynamic structure, through which cells are constantly entering, recirculating, and then departing. 
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But the T cells are not merely promenading. They are there for a serious purpose; namely, a constant 
search for antigen. If, after migrating through the splenic lymphoid tissue for a while and failing to run into a 
macrophage presenting their encoded antigen, the T cell will leave the splenic tissues and re-enter the 
blood stream, via the large venous sinuses. 

Where T cells actually encounter antigen is still not formally known. It is probably most likely to occur in the 
marginal zones, or within the PALS, both areas of which are totally loaded with antigen-presenting cells. In 
the marginal zones these latter cells are macrophages, whilst in the PALS large numbers of interdigitating 
cells can be found. 

We will now imagine that the T cell has passed through a blood vessel feeding a peripheral lymph node. 
The T cell enters the node by interacting with adhesion molecules expressed by blood vessels transversing 
the node, allowing it to squeeze through junctions between high endothelial venules. Once inside, the T cell 
is faced with a similar overall architecture of lymphoid tissue that it previously saw in the spleen. Once 
again, the T cell will migrate for a while through the node, as my secretary would in a flea market, looking, 
examining, searching for the magical antigen plus "self" MHO. 

But the T cell is disappointed; its antigen cannot be found, so it is time to leave. Herein is the major 
difference between lymph nodes and the spleen: lymphocyte traffic leaving the lymph node does so via an 
efferent lymphatic vessel, not via the blood. 

As our T cell now is carried by increasingly larger and larger lymphatic ducts it is joined by many other 
lymphocytes, which collectively are drawn into the central thoracic duct \r\ the upper thorax. The flow of 
fluid is controlled just like venous blood; the muscle tone of the body compresses these vessels, constantly 
driving the fluid under gentle but nevertheless persuasive pressure until their ultimate destination. This 
destination we have already mentioned: venous blood in the subclavian vein. The T cell is now back in the 
blood stream, to begin its journey all over again. 

There is one alternative to the above scheme, which we should mention. Because T cells have chemotaxic 
abilities, they can be attracted into inflammatory sites (sometimes called "inflammatory T cells"). In the 
center of an inflammatory site, the permeability of the blood capillary bed is close to maximum, and so T 
cells can behave like neutrophils, and wander out (adhesion molecules are probably also involved; see 
below). (An example would be a DTH reaction; see Type IV hypersensitivity, below). 

Once again, our particular T cell sees nothing it is interested in. So how does it leave ? It leaves by 
entering an adjacent afferent lymphatic vessel; here it passes the time of day with wandering tissue 
dendritic macrophages that have phagocytosed materials of interest at the inflammatory site and are now 
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transporting these up to the draining lymph node (after all, most of the T cells will go into the lymph node 
from the blood, rather than the inflammatory site, and so it makes sense to bring the antigens up to the 
node so that the maximal number of T cells will get to take a look). Once in the node, it will leave via the 
efferent lymphatic as above. 
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How often do lymphocytes do all this? Again it depends on who you read, but a conservative estimate 
suggests that anywhere from 5% to 15% of the total lymphocyte pool moves from one system to the other 
daily. What's more, the fluid compartment is probably exchanged several times daily. This is a dynamic 
system indeed; the immune system is taking no chances. There are bacteria out there that can reduce you 
to a nasty puddle on the floor in a very short time; unless you maximize your chances of survival by 
constantly recirculating your T cell pool through each body tissue on a regular basis. 

The other obvious question is just how long do T cells live? Some T cells are believed to die after a fairly 
short life span, but we can speculate that the life span of at least certain T cells (maybe as many as half of 
them) may be very long indeed. Two lines of evidence: (1) the thymus gland shrinks ("involutes") as we 
reach mid-childhood. The remaining tissue retains some degree of function however, and this provides a 
means for continually "topping up" the T cell pool. (Topping up probably represents maybe a million cells 
per day, replacing a similar number that have died of boredom). Obviously, if T cells were all relatively 
short-lived, the thymus would have to be working much harder. (2) Much earlier this century, tuberculosis 
was a great scourge in the Western world ("The White Plague", "The Captain Of The Men Of Death"....you 
get the idea). A lot of children became immune to the tuberculosis bacillus at that time, and can still be 
shown to be immune even now as elderly people. Obviously, T cells retaining this state of immunity have 
probably been around almost as long as the individuals themselves. One could also point to the 
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observations of Panum, who noticed that elderly people on the Faroe Islands [a wind-locked rock just south 
of Iceland] were resistant to a measles outbreak, despite not seeing this virus for over fifty years or more. 

And what about B cells? Present evidence suggests that B cells are relatively short-lived, and only a few of 
these will become a more long-lived "memory" cell even if stimulated by antigen. We have already 
established that B cells are generated and mature in the mammalian bone marrow. From here about 20 
million B cells enter the blood each day and are faced with the same choices as T cells. 

But here the similarities end. B cells enter either a lymph node or the splenic lymphatic tissue (presumably 
using the same routes/mechanisms as those used by T cells), where some of them tend to migrate into the 
central, more densely packed tissues. Here they become sessile, often tucked in nicely between the 
sinewy arms of a resident dendritic macrophage (if you believe the electron micrographs). Here they reside 
for a finite time, probably a matter of days, but certainly no longer than 2-3 weeks. If antigen comes along, 
the B cell picks it up on its membrane-bound (antibody) receptor, and the various complex events ensue 
that give rise to an antibody response. If antigen does not appear within this timeframe, the current 
evidence indicates that the B cell dies. 

There are probably a couple of places where B cells can interact with T cells, and receive the necessary 
signals to allow the B cell to go ahead and secrete antibody. The first is the outer areas of the PALS, 
through which B cells migrate, and the outer areas of the lymphoid follicles, through which both T and B 
cells pass. 
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If the B cell is stimulated by antigen, and then receives the appropriate nudging by a T cell, it undergoes a 
rapid proliferative phase of clonal expansion into an end-point cell called a plasma cell, which we discuss 
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later. A few of these clonally expanded B cells do not follow this pathway, however; these become memory 
B cells. Some of these enter and divide within the germinal centers, forming a "secondary follicle", whilst 
others enter the blood stream and move to other areas of the body. 

The reason for this is that it would be somewhat pointless, if following our successful mounting of an 
antibody response to a bite on the right forearm by mosquitos bearing the dreadful Mongolian Skin-rot virus, 
to accumulate all our memory B cells in the right axilliary lymph nodes (unless, of course, all mosquitos 
bearing this virus only bit right arms). The immune system has realized this; thus to protect other important 
limbs, memory B cells undergo a period of redistribution to other lymphatic tissue throughout the body. To 
accomplish this, these cells leave the site of antigenic stimulation and enter the blood (from the spleen), or 
efferent lymph (from the lymph nodes). After recirculating back into distant lymphoid tissues, a proportion of 
them will again become sessile, awaiting a new appearance of their particular antigen. Again, the lifespan 
of these memory B cells is a matter of speculation. Clinical experience tells us that "boosting" of the 
antibody response (such as anti-tetanus shots) is necessary every 5-10 years, thus we can speculate that 
unrestimulated memory B cells die (presumably of boredom) after about this time. 

Having now established the routes taken by the circulating T cell pool, we should also consider the basic 
structure of the lymphatic tissues through which they pass. The whole point is that the entire lymphocyte 
circulatory system is there for one reason: to clear antigens from body fluids and to maximize the 
opportunities T and B cells have of encountering these antigens in a quick and efficient manner should 
these antigens be associated with entities dangerous to the integrity of the host. 

The lymphoid system has been classified into primary and secondary organs. The primary lymphoid organs 
are those in which lymphocytes are produced and/or mature, and consist of the thymus and the bone 
marrow. As we have seen above, pre-T cells and mature B cells arise from stem cells in the bone marrow, 
whilst the pre-T cells must undergo further adventures in the thymus gland before entering the circulation 
as a fully mature T cell. 

The rest of the lymphoid system, the secondary lymphoid organs, are made up of the spleen and all the 
lymph nodes in the body through which lymphocytes and lymphatic fluid recirculate. If you cut a fresh 
spleen down the middle, you can see that the tissue comprises of red tissue (the red pulp) which is full of 
erythrocytes and parenchymal tissues (the spleen can be a hemopoietic organ, or a red cell storage organ, 
in some animals both), and small, mostly circular patches of white tissue (the white pulp) comprising the 
lymphoid tissue. 

When these circular structures, or follicles, are examined more closely it can be shown by specific staining 
methods that the outer part (paracortex) is dominated by T cells, most of which are involved in their 
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relentless trek after antigenic stimulation. The inner part of the follicle contains a densely packed mass of 
cells (the germinal center) containing large numbers of B cells and macrophages, and some migrating T 
cells. Often there is considerable cellular proliferation taking part in these areas as a result of antigenic 
stimulation, creating a visible mass of tissue called a secondary follicle. 

As we touched upon above the germinal centers and venous sinuses in the spleen contain large numbers 
of phagocytic and dendritic macrophages, whose job it is to remove antigens from the passing fluids. The 
dendritic cells, in particular, are very good antigen-presenting cells, and are constantly monitored by the T 
cell populations perpetually migrating past them. 

Lymph nodes are strategically placed throughout the body in order to collect and monitor cells and free 
antigen passing down afferent lymphatic vessels draining the tissues. These small kidney-shaped organs 
contain large numbers of lymphoid follicles not unlike those found in the spleen. Again, the architecture of 
these follicles is such to allow T cells to migrate around and through these tissues, before collecting in the 
medulla of the organ and leaving, if not stimulated by specific antigen, through the node efferent lymphatic 
vessel. 

An update . 

It is now known that a large number of B cells residing in the spleen do so in the marginal zones where 
they are soaked in blood moving through the sinuses heading for the veins draining the organ. This 
positioning ensures high levels of contact with potential antigens. A curiosity is that this seems to include 
large numbers of memory B cells, which one would think would be recirculating in the blood like their 
cousins arising from B cell follicles. Now it turns out that why the marginal zone B cells are cessile is 
because they are actually anchored there. The B cells are expressing sticky molecules called integrins, and 
the spleen tissue cells their corresponding sticky ligands [ICAM and VCAM]. A study published last 
summer shows that blocking the ligands allows release of the B cells]. 


I may have given the impression above that the Faroes are a tiny nation fuii of Troiis. This is not correct; they are 
geniuses. Somebody found out that if you entered a team into the European Nations Footbaii Championship you got 
an equai share of the vast teievision revenues this competition creates. So Thor the big foot and Hans the sheep 
shearer got together with a few of their mates and entered the Faroes as a bona fide nationai team. They got pounded 
23-0 by Iceiand, but got a big bag of cash in the process, aiiowing them to be abie to buiid a reai stadium and 
beautifui events center [they are now nationai heroes]. 
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5. DA HOLY TRINITY 


At this point in the course, we will show you how T cells and B cells interact with a third leukocyte, the 
macrophage, in giving rise to an antibody response to a given antigen. We have already introduced the 

concept of antigen receptor specificity, and now we must raise a second concept, namely.the 

recognition of antigen in the context of "self". 

What do we mean by "self"? In Immunology, "self" has a very specific meaning. It refers to the fact that T 
cell-mediated functions are regulated by their recognition of molecules encoded by the MHC gene locus 
(MHC is an abbreviation for Major Histocompatability Complex (of genes), but we will deal with this later). 
You will remember that we mentioned in the previous section that T cells need to see a combination of 
specific antigen and "self" MHC molecules together before anything can happen. 

One simplistic way to look at it, is to say that T cells are basically lazy: they are not going to exert any 
energy unless they are doing it for "self", so they need to see proof first that that is who they are dealing 
with. 

Why are my "self" MHC molecules any different to yours? The answer to this is because the MHC gene 
locus is extremely polymorphic; thus the chances that two students in the same classroom have the same 
"self" molecules is a zillion to one against (unless they are identical twins...)*. Again, simplistically, look on 
the MHC molecules as your driving license, each ugly picture is different. 

[* actually... this Is hyperbole on my part. The actual odds are about 30,000 to 1. However If another student Is your 
brother or sister, then the odds narrow to 4 to 1. This Is why grafts like kidneys are usually donated by siblings.] 

How did this reliance on recognition of "self" molecules come about? We don't know, but we can speculate 
that back in evolution (darn, now these notes will be banned in Kansas and burned in Texas), when we 
were sponges or something, primordial MHC molecules began to appear so as to distinguish one individual 
organism from another. This speculation may explain another burning question, namely, why do T cells 
need such a recognition system, when all they do is deal with "self" anyway? This question has vexed 
many people (but particularly transplantation surgeons) for years. 

The fact is that we do periodically come across "nonself" or "foreign" MHC molecules, when we have a 
tissue or organ graft performed upon us. The evidence that we have certain T cells encoded to recognize 
these foreign MHC-encoded molecules, and that the presence of these foreign molecules are regarded as 
unwelcome, is shown by the severity of the graft rejection process, as we will see later. 
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Returning to the example at hand, before we look and see how MHC molecules are involved in the 
antibody response, we must just say a word about macrophages as antigen-presenting cells. 

Until recently this was somewhat of a controversial area. The problem was, we didn't know exactly how 
macrophages determine what to pick up and what not. How do they know an antigen is an antigen? The 
answer is, they don’t. They just randomly sample anything floating by, and if this something nasty [i.e. 
triggers TLRs] then it gets chopped up and the proteins are presented for T cells to see. If this is a host 
protein nothing happens because any self-reactive cell was deleted in the thymus, whereas if it is an 
antigen, a piece of virus or bacterial cell wall or something similar, we have selected for T cells [in the 
thymus] that can recognize these antigens. 

Second, what exactly does a macrophage do with antigen once it has gotten hold of it. This brings us into 
the realm of "antigen processing", which we touched upon above. For now, all we need to know is that 
antigen is chopped up into small pieces and these subsequently appear on the macrophage membrane 
tightly wrapped up with a "self" MHC molecule. If a passing T cell has the correct receptor shape to bind 
onto the antigen-MHC complex, then the subsequent binding of the macrophage and the T cell triggers the 
macrophage to release a soluble factor that causes the T cell to start to divide ("undergo blast 

transformation"), and to release a myriad of soluble factors of its own (collectively called cytokines of 

which we will also talk of in more detail later.) 



A complex antigen is 
phagocytosed by a 
macrophage, then 
processed into smaller 
peptides that are then 
placed in the cleft of the 
self MHC molecule. This 
complex is then recognized 
by the receptor of a 
passing T cell. 
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Meanwhile, just down the lymph node, a B cell has picked up the same antigen on its membrane-bound 


antibody receptor. Antibodies are fairly 
flexible molecules, but there is a limit. When 
tightly bound to antigen, the overall molecule 
undergoes a conformational change which is 
transmitted through the lipid raft the receptor 
is floating on into the cytoplasm and turns on 
a signaling pathway that tells the nucleus of 
the cell antigen has been recognized. As a 
result of this, the antibody-antigen complex is 
removed from the cell membrane and 
internalized into the cell. Here the complex is 
broken down, and unfolded or otherwise 
processed antigen combined with a MHC 
molecule, prior to re-expression on the cell 
membrane. 



B cell captures 
antigen on its 
[antibody] receptor, 
internalizes this and 
processes it before 
presenting it in 
MHC molecule 



At this point, aT cell 
arrives that 
has arisen from the 
dividing population just 
up the page (what a 
poetic metaphor!). Its 
receptor recognizes the 
antigen plus MHC 
molecule, and now it 
sees the same 
combination on the B cell 
surface. Following 
binding of the T cell 
receptor to the molecular 



The B cell [top] presents a 
peptide antigen [red] in the 
cleft of its “self MHC 
molecule [blue]. This is 
bound by the T cell [bottom] 
receptor [green]. The T cell 
then releases cytokines 
telling the B cell to go ahead 
and start secreting its 
antibody molecules. 


complex on the B cell, the T cell sends a number of soluble proteins (cytokines) to the B cell that cause it 


go into cell division and differentiate to an end-cell stage (plasma cell), and to secrete copious amounts 


antibody. This antibody has exactly the same structure, including the part of the molecule that actually 


binds to the antigen, as the antibody molecule that was originally anchored to the B cell membrane. 








Thus what we have looked at in this brief section, is how T cells and B cells co-operate to give rise to an 
antibody response. Also, we have seen how this event is controlled by the T cell, which must see antigen in 
association with a MHC locus encoded molecule (the embodiment of "self") before it can divide and send 
signals to the B cell to manufacture and secrete antibody. In about another 900 pages all this will become 
clearer.... 
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6. CARRY A BIG STICK [FIVE IN FACT].... 


We've mentioned the term antibody before, and I'm sure you already have a vague idea of what an 
antibody is. Antibodies are found in blood, and hence we had better start there. 

Blood is a mixture of a fluid, called plasma, and cells. If we take plasma and leave it to stand for a while, 
clumps appear as a result of activation of the blood clotting factors. If these are removed the remaining 
fluid is called serum (from a Sanskrit word meaning to flow). Serum is about 90% water, and contains 
about 700 varieties of protein, comprising about another 7%. The proteins can be separated into two major 
groups, the albumins and the globulins, based upon their solubility in distilled water, and on their degree of 
hydration. 

The globulins* can be broken up further into alpha, beta, and gamma globulin species, based upon the 
distance they migrate in an electrical field. Upon getting this far, our biochemically oriented friends made 
the discovery that the gamma globulin fraction was rich in proteins with the properties of antibodies, and 
that the gamma globulin peak on electrophoresis was enlarged if taken from infected animals. This then will 
make clear to you two terms you will have probably already heard: the prophylactic use of "gamma 
globulin", given to travelers to Third World countries, and the proper biochemical term applied to 
antibodies.the immunoglobulins. 

[*so-called because they were thought at first to be a type of hemoglobin.] 
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The first clue as to what antibodies actually looked like was gleaned by the great English scientist Rodney 
Porter in 1959. He used the gamma globulin fraction of serum to determine that the molecular weight of 
most antibodies was about 150,000 Daltons. Then, using the enzyme papain*, he broke the antibody 
molecule up into three separate pieces of about 45,000 Daltons each, which he then collected separately 
by ion exchange chromatography. Of these, two pieces still had the capacity to bind antigens, and hence 
he called these the Fab fragments {fragment antigen-binding).The third fragment did not bind antigen, but 
could be crystallized, hence it was called the Fc fragment {fragment crystaitizabie). 

[*from the papaya fruit....a nasty looking little blue green thing that someone once left on my desk in place of an 
apple.] 

Meanwhile, just across the Big Pond, the American biochemist Edelman also examined these fragments 
and found that each fragment could be broken into two fragments of equal size if treated with 
mercaptoethanol (which breaks disulfide bonds, and also smells like nothing else on earth). 

These findings, collectively, allowed Porter to propose a model for the structure of the immunoglobulin 
molecule, which has stood the test of time. 


A "basic" antibody molecule. 



Within the basic molecule there are regions that differ very little from one antibody (of the same class) to 
another, and hence these regions are called constant regions. As you can see in the Figure above, about 
half of the light chains and about three-quarters of the heavy chains form constant regions. The other piece 
forms the variable regions of the molecule, and it is here, in the spaces between the variable region of the 
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light chain and the variable region of the heavy chain, that antigen is bound (antigen binding site). The 
nomenclature for each piece is shown below. 



In mice and men (and most other animals) there are five major types of antibody. Each type of antibody 
defined by the constant region of the heavy chain it uses when built. The heavy chains available are 

the a chain, making an IgA (immunoglobulin-A) molecule, 

the 7 chain, making an IgG molecule, 

the |i chain, making an IgM molecule, 

the 8 chain, making an IgD molecule, and 

the s chain, making an IgE molecule. 

In addition, there are two types of light chain, made from either the k chain, or the X chain. (Note: 
antibodies are kk or XX, but never k?^). 























Although we have drawn the antibody molecule as four straight "sticks" this is of course far from the truth. 


Each straight line is actually folded up into four or more "domains" by means of intrachain disulfide bonding. 


The domains characteristic of these globular proteins 
are formed by di-sulfide bonds at each "end", with the 
sequence in between folded up on top of itself in a 
series of antiparallel p-pleated sheets. These sheets 
are stabilized by hydrogen bonding between the 
sheets/rows of amino acids. 



Di-sulfide bonding 
between cysteine 
residues forms 
globular domains 



The Fab and Fc regions are joined at the hinge 
region. This contains cysteines that form 
interchain disulfide bonds to connect the two 
heavy chains, and proline residues. Because 
the proline has a ring structure adjacent amino 
acids bang into it and are unable to rotate 
around the peptide bond. This creates a "stiff" 
part of the molecule around which the rest of 
the structures flaps. Flapping, for want of a 
better term, begins at each end of the hinge 
region; these bits are rich in glycine, the bendy toy of 


"HINGE' 



t 


proline-rich rigid part 


glycine-rich 

flexybits 


1 


the amino acid world. 
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The three-dimensional shape of the variable region of the antibody molecule is formed by the combination 
of the VH and VL chains. When you isolate a whole bunch of variable regions and compare their amino 
acid sequences you can see that certain bits are variable, a change in amino acid here and there, whilst 
certain bits (usually 4, 5, 6 amino acid sequences) are extremely variable. Thus within a variable region 
you have bits that are merely variable, and bits that are hypervariable. 

From this information you can draw a Wu-Kabat plot. This is merely a way of graphically illustrating the 
positions of the hypervariable sequences in the overall variable region. It follows the following formula: 

Variability= number of different amino acids at a given position 
frequency of the most common amino acid 

So what you do is line up a couple of dozen or so variable region sequences, and apply the formula to 
each position in the sequences. For the variable region of an antibody light or heavy chain, the plot should 
look something like this: 


Wu-Kabat plot 



Three-dimensional maps of the variable region reveal that the hypervariable sequences jut out into the 
binding site, and these are believed to be the sequences that actually bind onto the antigen structure. 
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These sequences on the antibody are called the complimentarity-determining residues (CDRs), whereas 
the residues around them, which make up about 85% of the variable region, are called framework regions. 

Shown here is the 3-D structure of a light chain. The constant region domain is one the right, and the 
variable region to the left. 



C region 


V region 


The actual hypervariable regions on the far left are shaded blue. As you can see, if we were to pull the 
variable region "straight" then each of the three hypervariable bits would be separate from each other (a la 
Wu-Kabat plot) but as a result of the folding of the molecule they are close together in 3-D space and jut 
out into the antigen binding site. Only these bits, rather than the entire variable region, actually stick to the 
antigen. 

Teachers that are in a hurry, including myself, like to draw Ab-Ag complexes with the antigen wedged firmly 
inside the antibody overcoat. However, this is inaccurate, because only a small region of the antibody 
molecule (the bits with the CDRs) actually binds the antigen. Imagine an M and M pinched between the 
thumb and forefinger, rather than a nut in a nutcracker. 
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How does antibody bind to antigens ? The answer is THE FORCE. Well, forces, to be exact, such as those 
below.. 



-N -► H-0- Hydrogen binding 

-NH+ —► -0-C- Electrostatic attraction 
-C=0 -► H-0 Hydrogen binding 

—-CHS ^H20<Ji^CH3— Hydrophobic bonds 
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Before we leave this topic, we will say something briefly about each of the major antibody types: 

IgG (M=150kDa) comprises about 75% of total serum immunoglobulins. It is the major antibody type 
produced in the secondary antibody response. It is particularly effective against infectious agents and their 
toxins. 



IgG molecules have four domains on each heavy chain, and two on each light chain. The nomenclature is 
obvious: domains within the constant region of the heavy chain are designated CH1, CH2, etc. 

Both IgG and IgM can bind ("fix") the C1q component of complement, thus firing off the complement protein 
cascade (see Chapter 8). In addition, if you are a mouse or a man*, IgG has the important ability of 
crossing the placenta, thus allowing Mommy to fill you up with maternal IgG prior to your grand entrance to 
this world. This antibody protects you for the first few months of life until you can make sufficient antibody 
of your own*. 

[*ln contrast, placental passage doesn't occur In most domestic animals such as the cow, pig, sheep, horse, etc, so 
suckling by Mommy Is vital. When this doesn't happen the Vets call It failure of passive transfer.] 


60 



IgA (M=390kDa in dimeric form) comprises about 15% of serum antibody. However, in mucosal secretions 
and colostrum, it is the major immunoglobulin type. The serum form is primarily monomeric, whilst in 
secretions, the dimeric form predominates (as shown here). The J chain is a molecule of about 15kDa, 
wrapped around in p-pleated sheets like a beer barrel. It is found within the structures of IgM and secretory 
IgA, where it is believed to have become "left" after initiating the polymerization of these molecules. The 
"secretory piece" or "secretory component" is a peptide attached to two separate a heavy chains; current 
evidence suggests that it is also "left" either after polymerization, or as a result of the transport of the IgA 
molecule to the mucosal surfaces. 



The “secretory component lir ks 
heavy chain, while the “J chain” 


to positions along the IgA 
is attached at the ends 


IgM comprises 10% of serum antibody. It consists of five "units" of immunoglobulin bound together at the 
Fc end by a linking J chain [about 5% can exist as a 6-unit hexamer as well]. It is always the first antibody 
type to be produced in response to a new antigen. Probably because of its enormous size (about 900 kDa) 
it is only usually found in the serum. 

IgD (M=180kDa) makes up less than 1% of serum immunoglobulins. Its structure is very similar to IgG. Its 
precise function is unknown, although it is known to be expressed by unstimulated B cells in conjunction 
with IgM. New evidence shows it can be found in quite high amounts in our upper respiratory tract 
associated with basophils. An exclusionary role, maybe? 


IgE (M=190kDa) is found in only trace amounts in serum. It has a similar structure to IgG, with the 
exception of having an extra domain (CHs4). The concentration of IgE is raised in people with allergies, or 
with certain parasitic infections. 
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Many cells have receptors for the Fc region of antibody molecules (FcR). Antibodies act as opsonins, 
which are recognized by Fc receptors on macrophages, thus facilitating phagocytosis. If the antibody is 
stuck to a cell, the cell is destroyed by the macrophage (antibody-dependent cellular cytotoxicity, ADCC). 
IgE is bound by mast cell FcR (to be formal, FcsR) as we saw above. 

Before we close this section, we should also define some terms you may come across from time to time: 

ISOTYPE: This word refers to the type of heavy chain possessed by a given immunoglobulin molecule (i.e. 
an antibody of the G isotype, etc). 

ALLOTYPE: Whilst the constant region of your IgG molecules look the same as mine from a distance, 
some individuals possess subtle allelic (allotypic) differences (usually just a few amino acids here and 
there) within the heavy or light chain constant region amino acid sequence. 

IDIOTYPE: If you suddenly make an antibody response to an antigen you have never seen before, it is 
potentially possible that the three-dimensional shape of the amino acid sequence that makes up the 
antigen binding site is itself potentially antigenic. If it is, then the structure is called an idiotype, and the 
antibody that might be potentially raised against it an anti-idiotypic antibody. 

[The idea of an idiotype as a potential antigen is the basis of Network Theory, proposed by Niels Jerne. In 
this system, once the concentration of antibody, and hence idiotype, reaches a certain threshold, it triggers 
the production of anti-idiotypic antibodies, thus creating a built-in homeostatic down-regulatory mechanism 
to curb unnecessary antibody production. I’m only telling you for historical reasons, because after about the 
year 2000 the idea died.]. 

MONOCLONAL ANTIBODIES. 

The technique of monoclonal antibody production has not only revolutionized immunology as we know it, 
but also many ancillary fields as well, particularly those concerned with diagnosis. The idea for monoclonal 
antibodies came in the mid 1970's in Milstein's laboratory in Cambridge, England. Working with a visiting 
German scientist, Kohler, these workers wondered how one could make an "artificial" B cell myeloma, that 
would secrete antibody of a single type and specificity that you could predetermine. Myelomas turned up 
now and again, but you had no idea of their actual specificity; conversely, because B cells were short-lived, 
you could not clone them. 

Kohler and Milstein solved these problems by adapting a technique used by cell geneticists which 
consisted of fusing two cells together making a resulting hybridoma cell line. The cells they used were 
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spleen cells from mice immunized with sheep erythrocytes, and an existing B cell myeloma cell line. The 
cloned hybrid cell they ended up with had the properties of both parent cells; they secreted copious 
amounts of monoclonal anti-sheep erythrocyte antibody, whilst retaining the immortal characteristics of the 
myeloma. 

The technique has been refined since its discovery, and today looks something like the following. Spleen 
cells are taken from immunized mice and fused to myeloma cells (one is picked that does not secrete 
antibody of its own) using the chemical fusion agent polyethylene glycol. The next step is also borrowed 
from the cell geneticists: it is based on the fact that the myeloma partner used is preselected for deficiency 
of the enzyme hypoxanthine guanine phosphoribosyl transferase. The hybrid cells are cultured for a few 
days in medium containing hypoxanthine, aminopterin, and thymidine: the aminopterin blocks normal cell 
purine biosynthesis pathways, and thus because the myeloma cells lack the above-mentioned enzyme, 
they cannot use the hypoxanthine or thymidine to support cell division. However, in the fused cells, this 
enzyme is provided by the spleen cell partner, and hence the hybridoma cells grow merrily. 

After a few days unfused spleen or myeloma cells will have died out, so now the remaining hybridoma cells 
can be "weaned out" into normal tissue culture medium. After culture in microplate wells for another week 
or so, cell supernatants can be removed and tested for the presence of antibody to the original immunizing 
antigen. If a well is positive, then cells are re-plated at a dilution that ensures that any progeny arose from a 
single cell (cloning by limiting dilution). To be sure that the antibodies arising from such wells are truly 
monoclonal, recloning may be performed one or more times. 

Once a cell hybridoma line is established, it can be grown up to large numbers in culture, yielding large 
amounts of monoclonal antibody in the supernatant, and then cells can be frozen in liquid nitrogen until 
further use. Even larger amounts of antibody can be obtained if the cell line is grown in the ascites, the 
ascitic fluid of the peritoneal cavity, following i.p. injection into syngeneic mice (mice of the same genetic 
make-up). A vast number of useful hybridomas have now been made, many of which have been donated 
by the scientists that have made them to "collections" such as the American Tissue Culture Collection, 
which then maintains these cell lines, and redistributes them (for a nominal fee) to other scientists who may 
request them. 

Kohler and Milstein received the Nobel Prize for Medicine in 1984. Kohler died at the age of 51 in 1995, 
and Milstein died in March 2002 at the age of 75. 
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Characteristics of human immunoglobulins 



IgGI 

igG2 

igG3 
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- 
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- 
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A bit more about IgG 


IgG is a major component of human serum, representing up to 20% of all proteins in this fluid. There are 
four subclasses, but despite being -90% homologous to each other as noted above each has a different 
profile in terms of antigen binding, the degree to which each one fixes complement, whether they can cross 
the placenta, and how long they persist in serum before getting recycled [half-life]. 

IgG molecules follow the basic unit structure of antibodies as described above. There are two 50kDa heavy 
chains and two 25kDa light chains, all linked together by disulfide bonds. The heavy chains have a variable 
domain at the antigen binding end, and three constant region domains [CH1, CH2, CHS] with a flexible 
hinge region between CH1 and CH2. The area at the CH2 and ChS interface serves as the binding site for 
FcRn, an Fc receptor that protects the molecule from recycling [giving IgG a longer half-life], helps it get 
across the placenta, and helps it get into mucosal surfaces. 

The hinge structure differs between subclasses. The hinge of lgG1 is 15 amino acids and is very flexible. 
lgG2 is shorter, at 12 AA, and also much more rigid due to a poly-proline structure stabilized by disulfide 
bridges. lgG3 has a very big hinge, around 60 AA and has similar proline helices reducing flexibility of the 
overall molecule, but still allowing more “bending” by the Fab arms. 

lgG4 is weird compared to the others because it can recombine two separate sets of heavy and variable 
regions [“half molecules”] forming an antibody with two different specificities, one for each of the Fab arms. 
When this happens the antibody cannot crosslink the target antigen, dropping its avidity. One suggestion 
as to why this all happens is that it dampens the host response, such as to allergens. 

FcRn, mentioned above, was first noted in the 1960’s as the reason for the long half-life of IgG in serum. It 
was also quickly figured out that this allows the transport of IgG molecules across the placenta giving the 
newborn baby some degree of humoral immunity. FcRn looks a lot like the MHC Class-1 molecule - it even 
comes with the p2-microglobulin attached - and binds IgG in cell endosomal compartments [the acidic 
conditions cause histidine residues to become protonated and are then bound by FcRn at the CH2/CH3 
intersection with high affinity]. By doing so, it protects IgG from degradation, promotes its return to the 
circulation, and prolongs its half-life. [lgG3 replaces the histidine at position 435 with an arginine, explaining 
why it is less protected by this mechanism and hence has a much shorter half-life at -7-days]. FcRn 
molecules are widely distributed, in endothelial, epithelial, and myeloid origin cells. 

The primary function of the Fc end of the antibody molecule is to interact with FcR that control several 
effector responses, including antibody-dependent cellular cytotoxicity, efficient phagocytosis and 
degradation of immune complexes, and complement fixation. The five primary Fc receptors are R1 [CD64], 
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Rlla [CD32a], Rile [CD32c], Rllla [CD16a], Rlllb [CD16b]. One receptor, Rllb [CD32b] serves an inhibitory 
role. Amino acid sequences across the antibody hinge and CH2 domains are recognized by the FcR [not, 
as I may have taught many years ago, the bottom end of CH3]. 

In addition to classical Fc receptors, some other receptors have been implicated in binding IgG, including 
DC-SIGN receptors on dendritic cells, the six members of the Fc receptor-like proteins [FCRL], and the 
cytosolic protein TRIM21. 

lgG1 and G3 are very good at binding and activating C1q, whereas G2 and G4 are not. This may be 
related to hinge flexibility, in that the more rigid the better the binding to C1q. In addition, the hinge in G3 is 
very long, which seems to help as well. When IgG gets deposited on surfaces it can form hexamers [and 
looks a bit like IgM as a result], which compliments the hexagonal structure of C1q. lgG2 is poor at binding 
C1q, but when bound in high concentrations on bacterial polysaccharide surfaces it too can form hexamers 
which can then trigger C1q. 

Classical protein antigens tend to induce a lgG1 response, with smaller amounts of G3 and G4. Deficiency 
of lgG1 often results in recurrent infections. lgG2 is the usual subclass generated in response to bacterial 
polysaccharides. lgG3 is often induced under inflammatory conditions, particularly viral infections. lgG4 
often gets induced to allergens, and to parasitic worms, or after repeated long-term exposure to antigen. 
IgG deficiency causes various forms of primary pediatric immunodeficiency. Poor lgG2 responses is 
associated with infections by encapsulated bacteria, and lgG3 deficiency is associated with recurrent 
respiratory infections [usually pneumococcal]. 
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7. I’LL HAVE MY PEOPLE CALL YOUR PEOPLE.... 


Various leukocytes interact by physical contact, but they can also talk to each over [usually] relatively short 
distances by releasing proteins that hit the receptor on the responding cell and tells it to do something. 
These proteins, called cytokines, have been gradually discovered over the past three decades, a few at 
first, but soon a veritable torrent. Most are fairly small [about 20-40kDa in size], and can be categorized into 
various families based upon what they do. None are constitutively expressed, but produced upon cell 
stimulation. Several share receptor types, and others seem to consist of families within families [IL-1, IL-10, 
IL-12, IL-17]. The original name coined was interleukin, hence the terminology IL-X, but the term that is 
now generally used is cytokine. 

When a cell makes a cytokine it can feed back on receptors on its own surface [aufocr/ne function], on 
other cells coming into the site [paracrine], or [in a few cases] leave and go long distance elsewhere 
[endocrine]. 


There are various ways to categorize the cytokines, but we may as well start by just listing them, and you 
can come back later to this bit if you need to. As you might guess, the earliest ones, roughly IL-10 and 
below, were discovered in the ‘80’s, and the ones with the higher numbers more recently. 


To describe the cytokines by themselves would require a book by itelf, so I’m only going to say something 
briefly about each one. If this stuff turns you on, look in the new textbooks or look them up on PubMed.... 


IL-1 comes in two varieties, a and p. It is made by activated macrophages and epithelial cells during acute 
inflammation, and it has two main roles; it tells T cells to secrete IL-2 and put up IL-2 receptors, and second, 
rather unusually, it operates at long distance to tell the hypothalamus to raise the blood temperature a tad, 
just to annoy various pathogens. IL-1 is now considered a master regulator of inflammation, and is the key 
cytokine in the “inflammasome” complex, a term we’ll explain later. 


IL-2 is famous, because it was the first to be discovered [in “T cell conditioned growth media” which 
triggered T cell proliferation]. It is a paracrine, telling other T cells to divide and put up receptors, and an 
autocrine [feeds back on secreting T cell]. It is one of the most important cytokines because T cells cannot 
divide and expand without it. The gamma chain of its receptor is a component of multiple cytokine 
receptors; this fact started to make people think in terms of cytokine “families”. 
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IL-3 is made by T cells and acts as a colony factor in the bone marrow, stimulating hemopoiesis. 


IL-4 is important, because it is the primary trigger used by the TH2 subset of CD4 T cells that tells B cells to 
start making antibodies. In the secondary response, IL-4 is a primary trigger for isotype switching, in which 
the B cells switch from making IgM and start making IgG, IgE, or IgA. 


IL-5 is made by T cells and mast cells, and does two things. It stimulates the production and growth of 
eosinophils, and pushes B cells towards making IgA. 


IL-6 is made by T cells and [lots by] macrophages. It is made during acute inflammation, but in addition it 
has some complicated effects on T cell differentiation [still being figured out]. It seems to help drive two 
new T cell subsets, TH17 cells and regulatory T cells [see later]. 


IL-7 seems to be very important in driving processes in the thymus. In the periphery its role is less clear; 
but it seems to be very important in maintaining memory T cells [along with IL-15]. 


IL-8 was an early discovery, but is merely masquerading as a cytokine. It is in reality a CXC chemokine 
[see below] that has a potent chemoattractant effect on neutrophils. 


IL-9 is made by T cells and is a mast cell growth factor. More recent studies show that we can now regard 
it as a true TH2 cytokine. 


IL-10 is important. Macrophages make tons of it, as do certain T cells, and it seems to be a major turn-off, 
dampening acquired immune responses, especially TH1 responses, keeping them in check. 


IL-11 is made by fibroblasts and acts as a colony factor. 


IL-12 is a big-time cytokine. It is a heterodimer of a and p chains, and is secreted by activated 
macrophages. It potently drives the production of gamma interferon [another cytokine] by T cells and NK 
cells. 
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It is now clear that there is actually a family of IL-12 like proteins, as shown below: 


Cytokine 

Chains 

Receptor 

IL-12 

p35, p40 

Rb1/Rb2 complex 

IL-12 homodimer 

p40, p40 

Rbl 

IL-23 

pi 9, p40 

Rb1/23R 

IL-27 

P28/EBI13 

Gpl 30/27Ra complex 


11-13 is made by T cells and facilitates the action of IL-4 on B cells. One can think of it as playing the same 
role as IL-12, but for the TH2 response instead. 


IL-14 is made by T cells and B cells. There is some evidence that it helps maintain the memory B cell 
population, perhaps by inhibiting antibody secretion. Some of this activity may be mediated via 
prostaglandin PGE. People with certain autoantibody mediated diseases [such as lupus] appear to have 
highly increased expression of IL-14 receptors. 


IL-15 is made by macrophages [mainly] and facilitates the action of IL-2. It also feeds back on 
macrophages and tells them to make a and p interferons, suggesting an important role in innate immunity 
to viruses. In addition, recent data suggests an important role in maintaining memory CDS T cells by 
periodically making them divide [“tick over”], in conjunction with IL-7. 


IL-16 is made by T cells and mast cells and probably should be categorized as a chemokine, for CD4 T 
cells, monocytes, and eosinophils. It exists as a tetramer of four identical chains. By binding CCR3 
chemokine receptors on CD4 cells, it blocks HIV entry. A negative function is stimulation of eosinophils to 
produce leucotriene LTC4, which promotes the allergic reaction. 


IL-17 is made by a subset of CD4 cells [“TH17” T cells], and also by y 5 T cells, and seems to induce further 
cytokine production by epithelial and endothelial cells. It amplifies inflammation in the lungs and induces 
bone marrow production of neutrophils. There are three closely related IL-17 molecules, IL-17, IL-17C, and 
IL-17F. Recent evidence seems to suggest this cytokine is a central player in mediating and controlling 
inflammatory processes. 
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IL-18 is made by activated macrophages, including dendritics, and facilitates the actions of IL-12. It has 
recently been recognized as being a member of the IL-1 family, and was initially called IFNy-inducing factor. 
IL-18 turns up in inflammatory sites, and also in certain autoimmune disorders [such as rheumatoid 
arthritis]. Animals that cannot make IL-18 are more susceptible to certain infections, probably as result in 
an inadequate IFN response. 


IL-19 is related to IL-10. It is made by monocytes. 


IL-20 is related to IL-10. Like IL-19, it is made by monocytes. It seems to selectively stimulate the division 
of keratinocytes [people with psoriasis make too much of it]. 


IL-21 is made by macrophages, and seems to faciltate NK cell activation in concert with other cytokines. 
More recent information shows that it is a four helix cytokine with structural similarity to IL-2/4/15, while its 
receptor is similar to the IL-2Rp. It is made by CD4 and NKT cells, and signals through JAK and STAT. It 
seems to turn on CD8 cells and B cells, and can inhibit DC activity. Because of its effect on CD8 cells it is 
being tested for anti-cancer activity. One such trial is a combo of IL-21 and rituximab [antibody to CD20] for 
lymphoma. 


IL-22 is related to IL-10 and made by T cells. Pro-inflammatory, it induces keratinocyte migration, skin 
repair and healing. 


IL-23 is a member of the IL-12 family. It has the same IL-12 a chain, but a different p chain [pi 9, instead of 
p35], and it hits a receptor distinct from IL-12, but with the same outcome....promotion of IFNy production 
by activated TH1 CD4 cells. Along with IL-17 and IL-22, it has been implicated in the disease psoriasis. 


IL-24 is related to IL-10 and seems to be involved in melanocyte differentiation [including triggering 
melanomas]. It is made by activated mononuclear cells. It rapidly induces STAT 1 and 3, signaling 
molecules involved in cell survival and proliferation. 


IL-25 is made by the TH2 subset of CD4 T cells. It stimulates eosinophils, and may amplify the allergic 
reaction. It is closely related to IL-17. 
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IL-26 is related to IL-10, and is made by T cells and NK cells. Other than that not much is known; patients 
with psoriasis make too much of it.and it has been implicated in the host response to herpesviruses. 


IL-27, made by macrophages, not only facilitates the actions of IL-12, but it even looks a lot like it [now 
considered a member of the family]. It is a heterodimer, consisting of the same p40 chain used by IL-12, 
but with a second chain p28. 


IL-28 and IL-29 are members of the IL-10 family. Recent data shows they may drive NK cell activity, and 
may have anti-tumor effects. 


IL-30, it is now realized, is the p28 subunit of IL-27, and forms the latter when bound to EBV-induced gene 
3, which modulates both proinflammatory and anti-inflammatory responses during autoimmune or 
infectious disease. 


IL-31 is a member of the IL-6 family and has been implicated in airway hypersensitivity, as well as eczema 
and other skin inflammation conditions. 


IL-32 is a proiflammatory cytokine. It has been implicated in inflammatory bowel disease, is raised in joints 
of people with RA, and may drive monocyte to macrophage differentiation. One paper suggested it 
depressed HIV relication. 


IL-33 is a member of the IL-1 family. It is made by mast cells, and may be involved in immunity to gut 
parasites. 


IL-34 seems to have effects on monocyte viability; it may be related to the cytokine M-CSF. 


IL-35 may be related to IL-27; it appears to be made by regulatory T cells [see later]. 


IL-36 is a pro-inflammatory cytokine member of the IL-1 family which plays an important role in innate and 
adaptive immunity. IL-36 activates MARK and NF-kB pathways and is produced by many different cells. 
This cytokine plays an important role in the pathophysiology of several diseases, including psoriasis 
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[overexpression of IL-36 in mouse skin leads to a disease quite similar to human plaque psoriasis, and 
inhibition of IL-36 in human psoriatic skin ameliorates the inflammation - you made have seen the recent 
adverts for this on TV], 


IL-37 is a cytokine involved in regulating inflammatory responses, mainly by inhibiting the expression, 
production and function of proinflammatory cytokines: IL-1 family pro-inflammatory effects are markedly 
suppressed by IL-37. 

IL-38 is yet another newly discovered member of the IL-1 family. It interacts closely with IL-36 but other 
than that not much is known. 


Various cytokines escaped the “IL” terminology. These include the colony stimulating factors, such as G- 
CSF, which tells the bone marrow to make polymorphs [granulocytes], GM-CSF, which induces both 
granulocyte and monocyte production, and M-CSF which tells bone marrow to make more macrophages. 
Erythropoietin, which increases your red cell count so you can run long distances better [“blood doping”, 
the Chinese v. good at this, as are Tour De France cyclists.. .ever wondered how they go up mountains so 
easily] is also probably a cytokine of sorts, since it has the same four-helix structure as the colony factors, 
and interleukins 2 through 7, 9, 11, and 13. 


GM-CSF seems to play a major role in regulating the functions of granulocytes and macrophages at all 
stages of maturation. Moreover, blocking GM-CSF with antibodies in infection models in mice severely 
exacerbates inflammation and the progression of the infection. Depressing GM-CSF in autoimmune 
rheumatoid arthritis also has a beneficial effect. 


The interferons, a, p, and y, are very important molecules. The first two are important in innate immunity, 
particularly anti-viral, while IFNy may be one of the most important of all the cytokines, given its role as the 
effector molecule in TH1 immunity [see below]. 


Another biggie is the cytokine tumor necrosis factor [TNF], mainly produced by macrophages. It is involved 
in a variety of functions including macrophage activation and recruitment, and inflammation. It is a classic 
example of the “doubled-edged sword”, it is an extremely important cytokine, but if you make too 
much...jello time. It has potent effects on blood vessels [see section on tumors...where it was first 
discovered....it collapses them, hence the name]. T cells also release a lot of molecules that are very 
closely related to TNF [all seem to work as trimers], including lymphotoxin [potent cytotoxic molecule, not to 
be confused with lymphotaxin or XCL-1], CD40 ligand [a key molecule in B cell isotype switching], GDI 54 
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[Fas ligand, controlling T cell apoptosis], CD27 and CD30 [factors involved in T cell proliferation], TRAIL, 
which also drives T cells into apoptosis, and TRAP, which protects macrophages and other cells from 
apoptosis. Many of these bind to receptors having TNF “death domains” in their cytoplasmic tails, which 
sounds great.... 


TNF is a key cytokine in the pathogenesis of rheumatoid arthritis, because of its potent inflammatory 
properties. This has resulted in BigPharma getting seriously rich, at least those making monoclonal 
antibodies that block TNF. Infliximab and adalimumab [notice the mab at the end...geddit?] bind TNF 
directly, whereas etanercept is a fusion protein targeting the TNFRII receptor. Newer to the game is 
tocilizumab, which instead goes after the various receptors for IL-6, which is thought to synergize with TNF 
in the uglier aspects of RA. 


We should also mention the cytokine TGFp. This does a ton of things, mainly regulatory. In fact, regulatory 
T cells make lots of this molecule. 


Early studies into the mechanism of signaling by cytokines showed that tyrosine phosphorylation was 
involved [see chapter later on]. It was assumed this involved the src family of kinases, but a new family 
arose from these studies, the Janus protein kinases JAK1, JAK2, JAK3, TYK2]. These have no homology 
to the Src domains, but also function as tyrosine kinases. It was subsequently found that the JAK/STAT 
[signal transducer and activator of transcription] pathway stimulated by cytokines is unique and provides a 
rapid mechanism for the transfer of signals from the membrane to the nucleus. 


As an example, the interferons bind to type-2 cytokine receptors. These consist of two chains, which are 
not associated in unstimulated cells, but instead are associated with inactive JAK molecules. When the 
homodimeric IFNy molecule binds it pulls the two chains together, allowing phosphorylation of JAK, which 
in turn activates STAT. This then disassociates and heads off to the nucleus. Different cytokines utilize 
different JAKs, and also different STATs. IL-12 works through STAT-3 and STAT-4, IL-4 via STAT-6, etc. 


To maintain homeostasis, cytokine signaling needs an off-switch as well. This occurs via receptor down- 
regulation, by dephosphorylation tyrosine phosphatases [SHP and SHIP] which knacker the JAKs, and by 
inhibitory molecules induced by the JAK/STAT pathway itself [CIS1, CIS3, JAB....so-called “Suppressor of 
Cytokine Signaling” molecules]. 
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If you are still awake at this point you will remember I introduced the concept of the “inflammasome”. This 
is sort of like the TLR system, but based on NOD like receptors [NLR] which also recognize various diverse 
microbial motifs. NLR systems are protein complexes that combine a microbial recognition protein receptor 
system with an activating complex that switches on caspase-1. When activated by various things [bacterial 
PPG, flagellins, even silica particles] the NLR activates caspase-1, which in turn cleaves pro-IL-1 to active 
IL-ip, a major pro-inflammatory cytokine. Others such as IL-18 and IL-33 get turned on as well. Reactive 
oxygen also drives this system as well. The process is ATP-dependent, and involves the purinergic P2X7 
receptor and a molecule called pannexin-1; these control pores in the membrane across which the NLRs 
and caspase interact. 

You might also remember we talked about alum [aluminium salts] being a widely used adjuvant, particularly 
for antibody responses. One group showed that if the inflammasome lacks a molecule called Nalp3, it fails 
to make IL-ip, and vaccines in alum don’t work. Others disagreed and suggested other mechanisms, such 
as the alum doing something to the dendritic cell surface that spurs it to go to lymph nodes carrying antigen, 
whereas a third group thinks the alum is toxic to local cells, which die and release DNA, again waking up 
DCs [“danger signal” idea]. So, how does it work exactly? Er, we don’t know. 
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8. WHEN YOU NEED DIRECTIONS, ASK A POLICEMAN. 


In the late 1980’s a new cytokine, IL-8, was discovered. It was a bit different to the other known cytokines, 
however, because it was quickly found to be a potent chemoattractant molecule, especially for neutrophils. 
Thus was born the concept of chemotactic molecules, or chemokines [this designation was accepted after 
a conference in 1992]. 

It is important to remember that there are two types of chemoattractant molecules. The first consist of lots 
of different molecules [usually very small] that are produced at sites of inflammation, and are generally non¬ 
specific. These include histamine, leukotrienes, formylated peptides, and complement fragments [C5a], 
whose job is to get the party going. The second group, the chemokine proteins, are a bit more selective. 

Chemokines are small proteins [most tend to be in the 8-12kDa range...about 70-130 amino acids] that are 
chemoattractive to cells. Chemokines can be classified based upon their use of [four conserved] cysteine 
residues at their N-terminus. CXC chemokines [i.e. cysteine....some other amino acid...another cysteine] 
mostly stimulate and chemoattract neutrophils, pulling them into sites of inflammation. Examples are IL-8, 
and the GRO family. CC chemokines primarily tend to attract T cells and monocytes. Examples are the 
MIP family, MCP-1, and RANTES. As one might expect, there are also several families of chemokine 
receptors [you stick an R at the end...CXC5R, CC7R, etc], but they all have a common structure consisting 
of seven transmembrane domain, heterotrimeric G protein coupled receptors. 

Chemokines have four invariant cysteine residues. The first forms a disulfide bond with the third, and the 
second with the fourth. There is an elongated N terminus in front of the cysteines, then an aminoacid loop, 
then a 3/10-helix. This collectively is called the “N loop”, which is important to function. This followed by 
three beta sheets, then a long C-terminal a-helix made up of 20-30 amino acids. This latter structure 
seems particularly important, since it connects to tissue matrix glycosaminoglycans [remember, most of the 
time chemokines are anchored to the matrix as a roadmap, rather than floating about randomly]. Although 
it is thought these molecules function as monomers, they also exist in oligomeric forms. 

Overall, chemokines can now be regarded as an important superfamily of molecules that are very 
important as inflammatory mediators, but also play important roles as immunomodulators and 
lymphopoietic molecules. 
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Basic chemokine structure. 


Alpha 



Mobilization and deployment of immune cells to sites of infection is an essential event in the immune 
response. A second role of certain chemokines is in lymphocyte development. Mice lacking some 
chemokines fail to develop T and B cells, and often die in utero. The combination of stickies, their receptors, 
plus receptors on cells for specific chemokines, all combines together to provide very selective recruitment 
of very specific cell types. You can regard this a very tightly regulated system, a carefully integrated 
guidance system, or a tangled web. 
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You are either a ligand [i.e. CXCL5] or a receptor [CCR7]. There are two major families, CC and CXC, plus 
a couple of minor [C and CX3C]. At first, newly discovered chemokines were a morass of anachronisms, 
but now here is an agreed upon nomenclature. 


What is now 

Used to be called 

binds to 

found on... 

CCL1 

TCA3, 1-309 

CCR8 

T, mon, NK, B 

CCL2 

MCP-1 

CCR2 

T, mon, DC 

CCL3 

MIP-la 

CCR5 

T, mon, NK, DC 

CCL4 

MIP-lb 

CCR5 


CCL5 

RANTES 

CCR3 

mainly eosinos 

CCL7 

MCP-3 

CCR2 


CCL8 

MCP-2 

CCR2 


CCL17 

TARC 

CCR4 

DC, TH2 CD4 ? 

CCL19 

MIP-3b, exodus-3 

CCR7 

mature DC, memory T 

CCL20 

MIP-3a, exodus-1 



CCL21 

exodus-2, SLC 

CCR7 


CXCL1 

GRO family 

CXCR2 

Polys, NKs 

CXCL8 

IL-8 

CXCR1 

Polys, NKs, CD8? 

CXCL9 

Mig 

CXCR3 

T, B 

CXCL10 

IP-10 

CXCR3 


CXCL11 

l-TAC 

CXCR3 


CXCL12 

SDF-1 




I’ve left a lot out; for instance, there are at least 18 chemokine receptors in humans. The purpose of this 
course is to give you the general idea, rather than memorize the whole lot of them. CXCL 1 through 3 and 
5 through 8 are also called “ELR-motif” chemokines [in case you stumble over this designation]. The ELRs 
are known to also have angiogenic properties. 

Today there are about 50 chemokines and 18 known receptors. In the past few years new chemokines 
were discovered in a veritable flood. I thought this was due to superb biochemistry, until I realized it was 
actually due to advances in bioformatics; after all, all you had to do was plug in cysteine/cysteine or 
cysteine/something else/cysteine and see what the [expressed signal tag] database spat out. Rather lazy, 
in my opinion. 
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Chemokine receptors are G protein coupled molecules that have an extracellular N-terminus, seven- 
membrane spanning domains, and a cytoplasmic C-terminus. They are embedded in the plasma 
membrane, where they float about as part of membrane “rafts”. 

Chemokines activate receptors in a two-step process. After binding, the chemokine undergoes a 
confirmational change allowed by its bendy N-terminus. This bit is then able to interact with the receptor, 
switching it on. Binding and activation regions on the receptor are thought to be distinct sites. The G- 
protein underneath detaches, switching on a cascade of signaling. Right now, the phosphoinositide-3- 
kinase family of lipid kinases seems a major route for these signals. This system then hooks up with the 
Rho family of kinases which, via another group of molecules [Rac, Cdc42], controls cytoskeletal and cell 
polarity mechanisms central to chemotaxis. [Watch this space...there’s sure to be more to it...] 

[The fact that G-protein was involved was shown in studies using pertussis toxin, which targets this protein. 
G-protein inhibits adenylyl cyclase, stopping cAMP production, and activating a signaling pathway involving 
various kinases and phospholipase C]. 

When cells become motile in response to chemokines, the receptors remain uniformly distributed over the 
cell surface [it was thought for a time that they all concentrated along the moving edge]. Cell signal 
transduction proteins seem to connect with those chemokines receptors up the front, so to speak, whereas 
the other receptors behind all the action become refractory. 

Certain chemokines probably help immature thymocytes move through the thymus gland. Once released, T 
cells change their receptor expression after activation, or differentiation to memory cells. Naive cells have 
CXCR4 and CCR7, but a whole plethora after activation. 

Chemokines do a multitude of things, and we are still learning a lot about them. One way to look at them is 
as cell migration guidance systems. For example, immature dendritic cells, cruising the periphery 
looking for something to munch express multiple receptors to help them move about. After engulfing 
antigen, these cells drop these receptors and put up CCR7, which allows them to migrate towards the 
nearest lymphoid tissue [they sense the ligands CCL19 and CCL21 which point them in the right direction]. 
Another interesting facet of DCs is that they produce a limited, apparently quite specific set of chemokines 
[CCL17 thro 19, 22 and 25]. CCL17 is thought to be the most important, signaling through CCR4, and 
which may be associated with CD4 cells of the TH2 phenotype. This in turn suggests that DCs can recruit 
specific T cell subsets via chemokines. 
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stimulation of lung resident cells by TNF and IFN promotes them to secrete IP-10, Mig, MCP-1, etc, 
attracting cells into the lungs. Stimulating neutrophils with IL-8 [now called CXCL8] hits two receptors 
[CXCR1 and CXCR2] and has rapid effects, particularly triggering of the superoxide response, and so forth. 


Chemokines almost certainly help link innate immunity to acquired immunity. One way they do this is via 
the Toll system. As an example, lipoproteins and lipoglycans on the surface of mycobacteria trigger TLR-2 
to release IL-12. This stimulates local NK cells [attacted in by macrophage chemokines MIP-1, which binds 
to CCR5 on the NK] to produce IFNy, which feeds back to the macrophages to make more TNF. Both these 
cytokines activate the infected macrophages to kill the bugs [maybe why the majority of people exposed to 
TB never get disease] and they also stimulate local lung cells to make chemokines [RANTES, MIPs, little 
bit of IL-8] that preferentially recruit in monocytes and TH1 CD4 T cells. In edition, TNF triggers the local 
blood endothelium to put up all the necessary sticky molecules. 

If the infection is a Gram-negative bacterium, then LPS on its surface triggers TLR-4 and the macrophage 
secretes lots of IL-8 [CXCL8] sucking in neutrophils. 

Other TLR are probably involved as well. TLR5 is specific for proteins in flagellinated bacteria, and DNA 
leaking out of bacteria [as a result of complement mediated damage] specifically triggers TLR9. 

In humans there is good evidence for two populations of NK cells based upon their expression of GDI 6. 
Those that express it have an array of chemokines receptors, particularly of the CXCR type, whereas 
CD16-neg NKs have CCR5 and CCR7. We’ll talk more about NK cells a bit later. 

These cells also express different sticky molecules, indicating that they migrate differently. When activated, 
NK cells make several chemokines, including CCL1/3/4/5/22 and CXCL8. 

Little receptors, big business. A current major hobby of BigPharm is to make specific antagonists of 
chemokine receptors, which could turn into big bucks in the control of inflammation, or in the specific case 
of asthma. For instance, combined therapy where you block the vasoactive amines [already achievable] 
and then block CCR3 to prevent all the lung tissue damage by the eosinophils, would be extremely useful. 

In fact, the more we learn about chemokines the more likely we can subvert or block them in human 
diseases. For example, an artificial molecule, met-RANTES, efficiently blocks RANTES receptors including 
CCR3, which can be used to reduce allergic airway inflammation. Gene disruption of CCR1 seems to 
significantly prolong graft survival in mouse models, which is very promising. It is well known that HIV uses 
chemokine receptors to enter cells, which could be blocked. 
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Another area is graft rejection. Transplantation of grafts induces a potent inflammatory response which 
involves chemokines. The molecule mentioned above, met-RANTES, depresses leukocyte infiltration in a 
kidney graft animal model. CCR1 seems particularly critical; mice lacking this receptor accept heart grafts 
from Class-ll mismatched donors. Almost as good results have been obtained using CXCR3 receptor 
deficient mice. In all these systems, the effects of rejection suppressing drugs such as cyclosporin A are 
significantly potentiated. 

In fact, it is well known Big Pharm has developed numerous receptor blockers but aren’t talking yet [for 
patent reasons....there are >20 patents filed for CXCR4 blockers alone for use in treating HIV]. All I could 
find was BX471, which blocks CCR1, the bicyclams, which block CXCR4, and TAK-779, an antagonist of 
CCR5. 

Strategies include [a] modified chemokines [synthetic antagonists], [b] peptide antagonists, [c] antibodies 
that block specific chemokine receptors [without triggering signaling], [d] gene therapy based using 
intrakines [modified chemokines in which the signal sequence has been replaced by an ER retention 
signal; these molecules trap the chemokine receptor within the cell]...one idea is to transfect hematopoietic 
stem cell lines so they cannot express receptors exploited by HIV, preventing further cellular transmission, 
and [e] small molecule antagonists. 


Clinical intervention using adhesion molecules or chemokine pathways 


Adhesion pathway 

Role in T cell migration 

Clinical application 

VCAM/a4pi 

Homing to inflammation, 

sites of TH2 activity 

Asthma, multiple sclerosis 

MAdCAM/a4p7 

Homing to mucosal tissues 

[not lungs] 

Inflammatory bowel disease 

ICAM/amp2 

Inflamed tissues 

Ischemia, reperfusion injury 

ICAM/aLp2 

Inflamed tissues 

Numerous 
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Chemokine pathway 



CXRC1/2 and IL-8 

Homing, especially to skin 

Psoriasis 

CCR2/MCP-1 

Homing to inflammation 

Rheumatoid arthritis 

CCR3/exotaxin 

TH2 lesions 

Asthma 

CCR4/TARC 

TH2 lesions 

Asthma, psoriasis 

CCR5/RANTES 

TH1 lesions 

HIV 

CXCR3/IP-10 

TH1 lesions 

Rheumatoid arthritis 


Chemokines and non-immune cells. 


Cell type 

Receptor 

Ligand 


Astrocyte 

CXCR4, CCR5 

CXCL12, CCL4 

Ca release, cell survival 

Neuron 

CXCR2, CXCR4 

CCR1 

CXCL1, CCL5 

Ca response, apoptosis 

Smooth muscle 

CXCR2 

CCL3, CCL2 

Ligand binding 

Endothelial 

CCR2 

CXCL1 

Chemotaxis, angiogenesis 

Skin fibroblast 

CXCR4, CCR2,5 

CCL2 

Collagenase, IL-1 release 

Synovial fibroblast 

Gut epithelium 

Breast cancer cell 

CXCR4 

CCR7, 10 

CXCL12, CCL2, CCL5 

CXCL12 

CCR7,10 

Releases IL-6, CXCL8 

Ca response 

Actin polymerization, chemotaxis 
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Update . 

Recent data now implicates chemokines are key factors in lymphoid organogenesis, which is a fancy way 
of saying how you grow your lymph nodes and other lymphoid tisues while you are still a fetus. It now turns 
out that families of chemokines direct the cellular traffic to get the right cells into the right places. An 
example is CXCL13, which is the key chemokine in determining what cells populate the developing Peyers 
Patch in the gut. 
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9. STICK TOGETHER CHAPS. 


One of the mysteries of Nature, until recently at least, is how lymphocytes, neutrophils, and other 
leukocytes get into lymph nodes from the blood, or how they turn up in inflamed sites in tissues. Indeed, 
how do leukocytes in general "know" how to go somewhere? 

We touched on this earlier when describing the movement of neutrophils and other granulocytes out of the 
blood following their interaction with adhesion molecules expressed by inflamed vessel endothelial cells. 
Well, it seems that a similar mechanism holds for lymphocytes, in that they see adhesion markers on blood 
vessels (often specialized high columnar endothelial venules (HEV cells)) that tells them they are within a 
lymph node, and other molecules that tell them that there is local tissue inflammation nearby. 

Local production of inflammatory mediators [such as thrombin, histamine, chemokines, cytokines] are 
released by damaged tissue and activate nearby blood vessel endothelial cells to express a variety of 
adhesion/integrin molecules, including P-selectin, E-selectin, ICAM-1, and VCAM-1, within a few hours. 

Once these selectins are expressed, they mediate the attachment of passing leukocytes by binding to 
complimentary ligands on these cells [via a sialylated carbohydrate component of the ligand]. This reaction, 
which is extremely fast, causes the cell to “roll” and then stick to the endothelium. 

There are three major families of adhesion molecules, the C-lectin type molecules which include the 
selectin family, the integrin family, and the Ig-like superfamily. 


SELECTINS 



Carbohydrate 

binding 

Initiates binding 
of leukocytes to 
inflamed 
surfaces 


INTEGRINS 


Allows cells to move 
through tissues 




“Ig-SUPERFAMILY” 


Cell adhesion molecules 
[CAMS] 

Ligands for selectins 
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Selectins are found both on endothelial cells and leukocytes. L-selectin seems to be the “key” that allows 
lymphocytes to cross HEV cells and enter lymph nodes, following interaction with its “lock”, another mucin¬ 
like molecule, GlyCAM-1 [and probably CD34 as well]. Binding to carbohydrates, such as sialylated 
fucosylated molecules, sialomucins, and mucin-like molecules, is a general trait of these molecules. L- 
selectin has multiple ligands on the surface of inflamed endothelial surfaces with which it can interact. 

The integrins are heterodimeric proteins expressed on lymphocytes and macrophages consisting of non- 
covalently associated a and p subunits. They are further classified into the VLA family, the Leucam family, 
and the Cytoadhesin family of molecules. Their ligands are mainly other adhesion proteins [fibronectin, 
laminin, vitronectin, collagen] associated with cell-to-cell binding and cell-to-substratum binding, and 
various ICAMs. One integrin molecule, found on macrophages, is the complement C3b receptor [CR3, 
MAC-1]. 

The Ig-like family of cell adhesion molecules [ICAMs] have structures similar to the heavy chain of antibody 
molecules, including several [2-7] domains. They are expressed on multiple cell types, including leukocytes 
[particularly lymphocytes and macrophages], endothelial cells, fibroblasts, and keratinocytes. Their primary 
ligands are members of the LFA family [Leucams, see below]; however, one molecule, MadCAM-1, is 
specifically expressed in mucosal lymphoid tissues, and seems to direct lymphocytes [via L-selectin and 
VLA-4 binding] to these sites. Binding between LFA molecules on T cells, and ICAM molecules on 
macrophages, help stabilize interactions between these cells. 


Selectins/Integrins and ligands 
NAME CD designation 


L-selectin 

CD62L 


E-selectin 

CD62E 

Expression induced by TNF, IL-1 

P-selectin 

CD26P 

Stored in cells; rapidly shunted to surface upon activation 

Sialyl-Lewis^ 

SCD15 


P-sel ligand 1 


Must be glycosylated or sulfated to allow binding 

aip2 

CD11a/CD18 

LFA-1; High expression on effector/memory T 

aMp2 

CD11b/CD18 

On myeloid cells mostly 

axp2 

CD11C/CD18 

Constitutively expressed by DCs 

aDp2 

CD11d/CD18 

Macrophages and eosinophils 

a4pi 

VLA-4 

High expression on effector/memory T 

a4p7 


High expression on effector/memory T in the gut 

ICAM-1 

CD54 

Up-regulated by inflammatory cytokines 

ICAM-2 

CD102 

Constitutive expression [doesn’t increase] 
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ICAM-3 


CD106 


Induced on endothelial cells by cytokines 


Some updated information . 

Recent data indicates that inactive integrins have a “bent-over” shape on the cell surface and stick straight 
up when activated [the inside-out idea we mentioned earlier]. At this point the integrin heterodimer 
becomes attached to a cytoskeletal protein, talin, and through this to cell signaling pathways. There is also 
a suggestion that groups of integrins cluster together, perhaps in dimers and trimers of the a and p chains 
of the molecule. The importance of all of this remains unclear. 

LFA-1 [see above] is known to be an important integrin, and we now know it forms a ring around the 
TCR/MHC complex further stabilizing it. It now also appears that LFA-1 is involved in signaling, because 
binding of LFA-1 by the sticky ICAM-2 induces phosphorylation of a serine in the GDI 8 bit, cleaving a 
peptide associated with the AP-1 transcriptional regulatory complex, the outcome of which is increased 
production of cytokines like IL-2. 

More info is emerging about diapedesis. It is now thought that stimulation of the endothelial surface also 
induces a considerable calcium flux. This triggers phosphorylation of kinases controlling myosin, facilitating 
actin-myosin bundle formation. This creates isometric tension in the cell, distorting its shape in such a way 
that cells can squeeze past. 
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10. YOU LOOK LOVELY TONIGHT SAMANTHA, PLEASE JOIN ME ON THE HACIENDA. 


No, not that sort of compliment.complement [with an “e”] 

In addition to these other factors, the serum contains a large number of proteins that collectively interact to 
form a powerful innate response to bacterial and other types of infections; these proteins are collectively 
called the complement proteins. 

At the end of the 1century it was known that serum appeared to contain two separate entities involved in 
killing bacteria. One entity, the antibodies, was not inactivated by heating to 56°C, whilst the other 
component was. Since this second component seemed to "complete" the bactericidal activity of the 
antibodies, the name "complement" arose. (Note the spelling with an "e".) 

Complement is a cascade system of proteins, most of which are proenzymes (the majority being of the 
serine protease type): A activates B, which then turns on C, and so on. The end result of activation of the 
cascade is the binding of complement components to the nearest cell membrane, and the creation of 
membrane pores leading to death of the cell (hopefully, a bacterial cell, but unfortunately sometimes cells 
belonging to the host tissue). 

The complement system straddles the fence between innate immunity and acquired immunity, because it 
possesses three separate pathways of activation. The first pathway, the classical pathway, is triggered by 
the formation of antibody-antigen complexes, to which the first components of the classical pathway bind. 
(You will remember from above that only two antibodies, IgM and IgG, can bind or "fix" complement). 
Hence, in this situation, the binding of complement is associated with an acquired humoral response. 

The second pathway, the alternative pathway, is an innate system involving direct binding of complement 
proteins to certain bacterial polysaccharides. After activation, both the classical and alternative pathways 
lead to a common effector pathway, called the membrane attack complex, which is the pathway actually 
responsible for cell membrane damage. 

The third pathway, discovered more recently, is the lectin pathway, initiated by mannan-binding lectin 
[MBL]. It seems to recognize different targets compared to the others, principally carbohydrates and bits of 
necrotic/dying cells. 

All told, the overall system consists of about 50 proteins and glycoproteins, comprising the major proteolytic 
components, cofactors, and regulators. Nearly all are made in the liver, but also by macrophages. The 
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primary functions of complement are to tag foreign particles, bacteria etc, so that they are opsonized and 
can be recognized by phagocytes, and/or, if they have a lipid bylayer membrane, bang holes in the 
membrane so that the cell lyses. We mainly think in terms of pathogens, but the complement system can 
also “damaged self” and facilitates removal of dead, necrotic, or apoptotic cells, as well as protein 
complexes [blood clots, large aggregates of antibodies]. The range of materials complement proteins can 
recognize/bind is actually very large indeed, even including carbon nanotubes and synthetic polymers. 

All textbooks to date deal with the CLASSICAL PATHWAY, followed by a brief description of the alternative 
pathway. So here I am going to commit heresy and deal with them in reverse order. 

The reason for this is a prejudice; I simply don't believe that the classical pathway is all that important, 
especially from the perspective of the day-to-day business of combating bacteria. What is probably much 
more important about complement is its role as an opsonin, that is, proteins that can directly signal 
phagocytosis by passing macrophages (of which we will learn more later). 

The alternative pathway relies on spontaneous low level hydrolysis of C3 in plasma. In this mechanism, 
small numbers of circulating C3 molecules slowly associate with a water molecule, hydrolyzing a reactive 
thiolester bond in the C3 molecule. The C3-H20 molecule binds a protein called Factor B, which in turn is 
cleaved by Factor D to produce a C3-H20.Bb molecule. This fluid phase complex is called initiating C3 
convertase; it acts to convert C3 into C3b, the key molecule in the whole complement cascade ,which can 
then interact with bacterial and other mibrobial products. 

These include bacterial products such as dextran, and complex polysaccharides such as zymosan. The 
C3b made above is usually inactivated by binding to an inhibitory protein. Factor H, but on this day the C3b 
molecule runs into the polysaccharide coat of a bacterium. Now protected from Factor H, the C3b- 
polysaccharide complex binds Factor B, forming C3bBb, a surface bound C3-convertase. This complex 
then makes tons more C3b, which binds to the offending bacterium. 

C3bBb is unstable and dissociates in a few minutes. This is slowed down when needed by another 
regulator protein, properdin. It is now thought that properdin binds surface bound C3b first, then 
accelerates binding of Factor B. This ends up as a C3bBbP complex, a more stable C3 convertase. In fact, 
since properdin can directly bind things like zymosan itself, there is a suspicion that properdin actually turns 
on the whole thing in the first place. 
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C3 


C3.H20.Bb 
[initiating C3 
convertase] 


Factor H 


inactivated 


C3b—bacterial polysaccharide 


[in this form, C3b cannot be 
attacked by Factor H] 


Factor B 


C3b.B 


Factor D 


C3b.Bb 

[amplification C3 convertase] 


The C3b.Bb molecule is the central step in the alternative pathway. This molecule acts as an enzyme, 
called amplification C3 convertase, to convert circulating complement component C3 molecules into large 
amounts of C3b (covering a bound bacterial cell with well over a million C3b molecules within a few 
minutes). As we will see below, each of the deposited C3b molecules then activate the membrane attack 
complex, which then bangs holes in the bacterium. 

[An aside. For those of you intending to visit India, you will be interested to know that cobra venom 
contains large amounts of a protein (cobra venom factor) almost identical to C3b. When bitten, your system 
becomes flooded with cobra C3b, which forms a properdin-CVF-Bb complex that cannot be inactivated by 
human regulatory proteins, causing massive activation (or, really, amplification) of the alternative pathway 
and massive local tissue destruction]. 
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The purpose of the classical pathway is also to generate C3b, but via a completely separate series of 
mechanisms. How the classical pathway is triggered is not precisely known (or at least agreed upon). It is 
well known that binding sites on two adjacent antibody Fc regions are needed, but whether these sites are 
exposed only by a conformational change following binding to antigen, or are always exposed and just 
need a few antibody molecules just bunched together in the right spatial alignment (such as lined up on the 
wall of a bacterium), is not yet determined. What is emerging however is knowledge that the length and 
flexibility of the antibody hinge region, and the heterogeneity of glycans in the CH2 domain can influence 
C1q binding. 

Whichever, the first step in the classical pathway is the binding to two globular heads of the massive 
460kDa C1q 18-polypeptide chain component protein by two adjacent Fc sites. The Clq molecule 
undergoes a conformational change in its collagen-like region that activates two closely bound serine 
proteases. Cl r and CIs. Once CIs becomes enzymatically activated, it cleaves off small peptides from the 
next two components in the cascade, C4 and C2 (as you can see, some overeager immunologist named 
these components before the actual sequence was finally determined). The activated C4 and C2 proteins 
bind together, forming a complex (on the bacterial membrane close to the Ab-Ag-CI complex) which is 
then enzymatically cleaved by CIs to form an active C3-convertase enzyme C4b.C2a. This enzyme then 
activates both the C3 to make lots of C3b as above, and can directly bind it making yet another enzyme, 
C4b3b2a, which then activates C5. 

I should also note that Clq does not just bind IgM and IgG. Other activating molecules include nucleic 
acids, chromatin, cytoplasmic filaments, mitochondrial proteins, and cardiolipins, as well as various 
liposaccharide structures of certain gram-positive bacteria. 

I don't wish to offend the reader, but the above explanation is extremely simplistic. Not only are there a 
number of intermediary biochemical steps in these processes, but there are also a large number of 
regulatory proteins involved, which tightly control the cascade pathways (and are presumably there to keep 
things from getting out of hand; see below). 

As we said, over the past few years a third pathway has been discovered, called the lectin binding or 
Mannose-binding pathway. This is mediated by mannose-binding protein which is a huge tulip very similar 
in structure to Clq and which has serine proteases complexed in, and also by proteins called ficolins, and 
the protein collectin-11. The MBP circulates in the blood in complexes with serine proteases [MASPs], 
which are similar to Clr and CIs. When these bind bacterial mannoses the proteases are triggered and 
these cleave C2 and C4, making C4b2a as above. 
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[It was discovered by MW Turner, who gave me my first job when I was a iowiy hospitai iab technician in London in 
1972] 
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The first component in the membrane attack complex, C5, is activated by either of two complement protein 
complexes, the first being a complex of C3b.Bb and C3b, generated by the alternative pathway, and the 
second a complex of activated C4 and C2, again bound to C3b, as generated in the classical pathway. 
Each of these complexes are able to cleave a small peptide (C5a) leaving an activated C5b molecule. 


C5b binds the proteins C6 and C7 forming a trimolecular 
complex; the C7 gets bent around exposing a hydrophobic site 
allowing binding to plasma membranes. The C5b.6.7 complex 
sits on the target cell membrane (of our bacterium, as above), 
with the C5b component sitting uppermost. A passing C8 
molecule then binds to the C5b.6.7 complex, unmasking a 
hydrophobic region in the C8 structure which allows it to stick its 
a chain into the membrane and permiting it to wedge down into 
the cell membrane lipid bilayer. The final component, C9, 
becomes bound to the C8 which polymerizes a number of C9 
molecules together [as many as 18] forming semicircular planks 
in the membrane. Although not yet really proven, this last step is 
believed to result in a cylindrical pore through the membrane [at 
the least it screws up the proton gradient of the membrane]. This 
allows the flow of water molecules into the cell, which swells in 
size, and then lyses. 



C8 creates wedge in cell 
membrane of bacterium 



C9 polymerizes creating a pore 
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To reiterate, what then can we say in general terms about complement functions. Firstly, complement is 
lytic for certain bacteria, and some viruses. Second, and probably more importantly, it opsonizes ("coats") 
such microorganisms for recognition by macrophages, thus facilitating and enhancing phagocytosis. These 
cells possess receptors for a site on the Fc region of antibody that is unmasked when bound to antigen, 
and receptors for C3b (thus both antibodies and C3b can be opsonins). It can be shown in a simple 
experiment that bacteria coated with C3b or opsonizing antibody are more quickly phagocytosed than 
bacteria alone. 



The basis of “opsonization” 


A further function of complement is mediated by the two small peptides C3a and C5a, which you will 
remember are generated by the activation of C3 and C5 (in fact, they represent N-terminal fragments, 9- 
11 kDa in size, from the a-chain of each of these molecules). These two peptides are collectively called 
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anaphylatoxins; they enhance the local inflammatory response both directly, by increasing the permeability 
of blood vessels, and indirectly, by inducing local tissues to release histamine. Moreover, C5a is 
chemotaxic for polymorphonuclear granulocytes and for macrophages, and thus attracts these cells into 
the site of bacterial infection. 

There is a growing appreciation that the anaphylatoxin C5a interacts, and perhaps synergizes, with the 
TLR system in driving inflammation. The first inkling of this were observations that monocytes triggered by 
LPS squirt out far more IL-1 if C5a is thrown in the test tube also. There may be effects on T cell immunity 
as well, as the combination of TLR ligands and C5a depresses IL-12 by macrophages and promotes IL-10 
production. New evidence suggests some sort of signaling cross-talk between the TLR receptors on 
macrophages and their two C5a receptors [C5aR and the inhibitory C5L2 receptor]. 

Why isn't complement more destructive to host cell membranes under normal conditions? The answer is 
that various inhibitor molecules are fairly widely distributed on such cells. These include membrane 
cofactor protein [CD46], DAF (decay-accelerating factor, CD55) which prevents C3b-Factor B interaction, 
and which can dissociate the C4bC2 complex; Factor I, a serine protease that chops up C3b; the CR1 
complement receptor (CD35, only found on primate cells) that also degrades C3b; and CD59, a membrane 
associated protein on human cells that binds C8 and prevents subsequent binding of C9. In addition to all 
these “fail-safes”, the fluid phase also contains multiple inhibitory proteins, including the Cl-inhibitor [a 
serpin protease inhibitor]. There are also proteins, such as vitronectin and clusterin, that prevent C5b67 
getting into the lipid membrane of host cells proximal to bacterial targets. 


Finally, before closing, we should say just a little about complement deficiencies. Deficiency of complement 
components is most often associated with an increased susceptibility to pyogenic infection. One major 
class of infections are those caused by Staphylococcus and Streptococcus, whose main route of 
destruction involves opsonization and intracellular killing. The second association is with susceptibility to 
Neisseria; this is often seen in patients with complement deficiency at the C5-C9 level, thus pointing to the 
important role of complement in extracellular lysis of this class of bacterial infection. 

Complement deficiencies can be associated with immune complex disease such as SLE, perhaps because 
“altered self” cells that are usually cleared by opsonization can remain and trigger autoimmunity. Prolonged 
drug treatment [isoniazid for TB for instance] can depress complement levels and also trigger SLE. 

C2 deficiency is the commonest homozygous complement deficiency in Caucasians, with an incidence of 
about 1 in 10,000-30,000. It is strongly linked to a certain MHC haplotype in humans (A25, B18, DR2, BFS, 
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C2 Q*0, C4A4, B4B2). Autoimmune SLE and increased susceptibility to pyogenic infections are associated 
with this deficiency, although at least 25% of such individuals are healthy. 

Factor H deficiency has been seen. Here C3 turnover is screwed up, and these individuals get kidney 
problems like glomerulonephritis. 

Another deficiency that is not all that rare is properdin deficiency. This is inherited by males as an X-linked 
trait; again, the common symptom is susceptibility to pyogenic infections, especially Neisseria. In this 
situation the classical pathway appears normal in these patients, but the alternative pathway is inactive. 

Meningococcal disease is also prevalent in patients with deficiencies of the membrane attack complex. An 
example is combined C7/C8 deficiency seen in about 10% of Sephardic Jews in Israel (probably arising 
from in-breeding). 

Deficiency of MBP has been shown by Mac Turner [as I said, my very first boss in London a thousand 
years ago] to be the cause of recurrent bacterial infections in infants, and in fact implicated at least in 
several other conditions. 

We can also make too much. Various diseases such as rheumatoid arthritis, multiple sclerosis, and 
ischemic disease after strokes all cause tissue damage and complement activation/deposition. After a 
stroke for instance complement sticks to the damaged endothelial surface. This has led to therapies 
blocking complement; a monoclonal antibody, eculizumab, blocks C5 activity. 

The latter is a burgeoning industry. Because of the contribution to inflammation people are starting to think 
that blockade might help in certain diseases. These include hereditary angioedema [a Cl inhibitor is used 
here], certain forms of trauma, sepsis, and various hemolytic conditions [PNH, aHUS] even macular 
degeneration [trials for these using eculizumab are ongoing] - this reflects new information that 
polymorphism of Factor H may impact the development of this disease. Vascular injury after transplantation 
is another potential target. 

.. .even more about complement . 

I admit it. I do pull faces when complement is mentioned and this may be silly of me. In fact it is, because 
there is much more to the system than described above. 

Follicular dendritic cells express the three complement receptors CR1, CR2, and CR3 [CD35, CD21, and 
GDI 1b/CD18], as well as the IgG-binding Fc receptor CD32 [FcyRIIb]. This enables them to retain 
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opsonized Ab/Ag complexes on their surfaces for presentation to B cells in the follicle. This rescues B cells 
from apoptosis, and promotes somatic hypermutation and class switching promoting memory B cell 
development. Moreover, C3 fragments can directly interact with CD21 molecules, pulling in attached 
antigen, enhancing antigen presentation. 

Most of the time B cells trap their specific antigen using their membrane bound antibody receptor. But in 
addition, B cells also possess a triad of molecules on their surface consisting of CD21, its signaling 
element CD19 [triggering this lowers the threshold for B cell activation], and CD32. Whether this sends 
positive or negative signals into the B cell is determined by the context by which antigen is seen, 
depending on its association with antibody and the degree of complement fixation. 

So-called “natural antibodies” [probably arising after stimulation by the gut flora] bind bacterial surface 
polysaccharides allowing recognition by CD32. Fixation of complement by the immune complex allows 
further binding via CR3. Once triggered the whole complex localizes on lipid rafts in the membrane, and 
association of CD21 with CD19. Signaling via CD19 involves Lyn, Sck, Vav and PI-3K, as well as ITAMs, 
and so is very similar to other signaling pathways. Out the other end comes the bound antigen associated 
with Class-ll MHO as the B cell awaits instructions from a TH2 CD4 cell to begin to secrete antibody. 

All of this is regulated via the CD32 molecule. If stimulation persists this molecule switches on the 
SHP/SHIP phosphotases, which turn the system back off. Such mechanisms are probably there to guard 
against the potential production of autoantibody. For instance, mice overexpressing CD19 have a 
substantially increased incidence of autoimmune diseases. 
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11. REGULATION OF THE IMMUNE RESPONSE BY THE MAJOR HISTOCOMPATABILITY GENE 
COMPLEX (MHC) AND ITS INTERACTION WITH THE T CELL RECEPTOR. 


In the first section of these notes we have discussed the major components of the immune response. Here 
and there we kept touching on the fact that T cells do not see antigen alone, but in combination with 
molecules encoded by a mysterious gene locus, called the Major Histocompatability (Gene) Complex, or 
MHC. And the reason we kept you guessing about all this is because the MHC is less a component of 
immunity, and more a regulatory device. 

The job of T cells is to regulate the immune response. They themselves are regulated by the limitations 
imposed by their requirement to see MHC plus specific antigen; if the MHC molecule isn't right, isn't "self", 
then no response ensues. As we will see this all comes down to the T cell receptor, because our MHC 
molecules present both “self” and “foreign” antigens. 

And how did we learn about this phenomenon? By X-ray spectroscopy, by molecular biology, by computer 
modeling? No, we learnt it because of Mouse Fancying Clubs. 

That's right. Mouse Fancying Clubs. Somewhere back in Medieval China, some bright spark decided that 
keeping mice in cages as pets was a fun idea. Even more amazingly, the populace agreed and the practice 
became widespread. Next, the Japanese got into the act, and the "hobby", if that's the right word, gradually 
spread westwards, following the great trading routes, until it arrived in England some time during the 1800's. 

Now the British are somewhat of a strange breed. Their social clubs range from Model Railways to 
Birdwatching to The Flat Earth society (who vehemently hold, with righteous good reason, that the earth is 
less than spherical) to clubs full of fat businessmen who think it clever to jump into the Serpentine (a small 
lake in a park in central London) on Christmas day (after removing the ice). Only an Englishman would 
reply, when asked why he just climbed Mount Everest, "because it's there". So you get the idea. Mouse 
Fancying Clubs would just fit right in, next to the Fish and Chip shop and the Deluxy Laundrodrama-ette. 

Actually, I suspect that these clubs were some sort of 1800's version of Bowling; an excuse to wear a silly 
shirt, drink beer, belch, and admire white mice, beige mice, brown mice, mice with big ears, crooked tails, 
etc, etc. Somehow this trend reached the shores of America, and similar organizations began to appear on 
the East coast. 

But the Americans are smart, at least in matters of the mighty dollar. There was money to be made here; if 
lots of little girls wanted pet mice, why not set up a Company and actually breed them commercially. And 
this is what a number of "breeders" actually did, with some success. 
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These breeders were actually amateur geneticists. They quickly realized that the best way to maintain a 
popular coat color, such as pure white, was to set up brother/sister mating, in other words, inbreeding. 

Enter a professional geneticist; Clarence Little. Little had studied under William Castle at Harvard, and in 
1916 his work challenged principles regarding the genetic basis of tumor rejection in various mouse strains. 
Little had long realized how useful an inbred mouse colony would be to answer a number of genetic 
problems, and so he began to build up a number of colonies, often starting with mice purchased from the 
commercial breeders. 

In 1933, Little was visited by the British scientist Haldane*. One of Haldane's (many) interests was tumor 
rejection; he had speculated that certain animals reject tumors in the same way that they destroy 
incompatible blood transfusions. Because of his substantial expertise in experimental genetics, he 
reasoned that such questions might be explored using inbred mice, and so he took three inbred strains of 
mice back with him when he returned to England. 

[* typical of British scientists, Haldane was a highly intelligent lunatic... He is accredited with developing methods of 
mathematically analyzing population genetics.] 

But upon his return, Haldane became distracted with other matters, so the use of these mice fell to one of 
his students, Peter Gorer. Gorer had just finished Medical school (where, amongst other things, he had 
failed Genetics!), and had joined Haldane's laboratory. He set to work and first discovered that the inbred 
mice strains differed in their genetic expression of certain blood group antigens (which he determined by 
raising antibodies to mouse blood by injecting it into rabbits, and by crossbreeding the mice to make FI, F2, 
generations, etc.) 

Just when Gorer felt that he could not take his work any further, one of his mice developed a sarcoma 
tumor. He then tested whether the other inbred strains could reject this tumor and found that they could; 
moreover, crossbreeding experiments suggested the possible role of two loci in this activity. 

By typing each of his crossbred mice he then discovered that possession of one particular blood group 
antigen. Antigen II, was associated with an inability to reject the tumor, and that, furthermore, mouse 
strains that could reject the tumor made antibodies that would agglutinate blood cells expressing Antigen II. 
Thus, collectively, his data suggested that at least one of the loci involved in tumor rejection somehow 
involved Antigen II. 
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Based on all this, Gorer proposed that antigens such as Antigen II were associated with both normal and 
malignant tissues, and that they differed from inbred strain to inbred strain. Thus, he suggested, when 
tissues were transplanted from one person to another, if these "histocompatability" antigens were different 
between the two people, the tissue would be rejected. 

What Gorer had done was to explain a theoretical basis for the rejection of both tumor and tissue 
transplantation; however, as is often the way with concepts ahead of their time, Gorer's publications on the 
topic received little or no attention. It wasn't until the work of Medawar a few years later on the basis of 
transplantation rejection that the importance of Gorer's work was fully realized, but we will return to that 
particular tale later. 

The actual current nomenclature of the MHC emerged about ten years after Gorer's work, and was 
proposed by the great geneticist George Snell. In 1941 Snell was editing a book on mouse biology. Based 
on what he learned from this he proposed a conceptual groundwork for the field, as well as proposing that 
the genes that controlled tissue and tumor rejection should be called “histocompatibility” (or H) genes. This 
way, the gene for Antigen II ended up being called H-2. 

By testing tumor rejection in repeatedly backcrossed inbred mice (called "congenic" mice because they 
theoretically only differed at one of the H gene loci), Snell discovered that some H genes mediated 
powerful rejection activity, whilst others were very weak or ineffective. When all this information was further 
analysed, it seemed that all the "strong" genes, including H-2 [the strongest], were all in about the same 
place in the genome, on chromosome 17 in the mouse. Luckily, the H-2 cosegregated with another gene, 
fused, which gave Snell an actual visible marker - these mice have fused vertebrae down at their tail, 
easily spotted. Thus, the idea emerged that H-2 was a bunch of genes, not a single gene, that these genes 
were incredibly polymorphic, and they were all clustered together in a complex which came to be known as 
the major histocompatability complex of such genes, or MHC for short. Snell got the Nobel Prize for this 
work in 1980. 

The designation of the H-2 gene complex as the MHC of the mouse was followed in 1950 by the discovery 
of the chicken MHC, called the B locus, and in 1958 by the designation of the HLA locus as the human 
MHC. To date, an MHC has been found in every mammalian species in which it has been looked for. 

And now, finally and mercifully, the mouse MHC. 

In the mouse H-2 locus (chromosome #17) there are about ten major genes, and a bunch of less important 
ones. The two outer genes, K and D, encode for very similar molecules, and hence are believed to have 
arisen by gene duplication from a single gene somewhere back in evolution. Between these genes are the 
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A, and E genes, which are important immunologically, and then a bunch of unrelated loci which encode for 
complement components C4, C2, and Factor B, one of the cytochromes, and the tumor necrosis factor 
proteins a and p. TNF is an important cytokine, as we discussed above. 

To the right of the D gene (actually, genes, there are about four D loci) there are a large number of Qa and 
Tl genes. Not much is known about these genes, although very recent information suggests they might 
present ‘unconventional antigens”, maybe even lipids, to the yS T cell or other minor T cell subsets. 


Ihe Mouse MHC locus [chromosome 17] 
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For example, as shown above, the A genes through the E genes are called the I region (as in "eye", or if 
you're a sailor, "eye, eye"). Genes can also be bunched up into classes, reflecting their distribution on 
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tissue cells, and their immunological roles. Thus, K and D genes are classified as Class I ("one") 
molecules; A and E are Class II genes; and C4, C2, TNF, etc, are Class III genes. 

(You will note that I region genes encode for Class II molecules. "Eye" region. Class "two". You wonder 
how many cases of beer were consumed by the committee who dreamed this confusing nomenclature up.) 

An important facet of all this is the 
tissue distribution of the H-2 
encoded molecules. Class I 
molecules (K, D genes) are found 
on all nucleated cells, plus platelets 
(and erythrocytes in the mouse). 

Class II molecules are found on B 
cells and macrophages only.* 

[*...apparently human T cells can 
express Class II when activated....] 


What do these molecules look like? 

The mouse Class I molecule consists of a transmembrane anchored 40kDa protein chain that possesses 
two circular "domains" (a3 nearest the membrane, then a2) formed by disulfide bonds, plus an additional 
"unorganized" segment (a1) lacking disulfide bonds (in the human Class I molecule there are three discrete 
domains because this latter segment is disulfide "bonded" into a domain structure). The a3 domain is 
ionically associated with a second protein, p-2 microglobulin, which is about 12kDa in size. This second 
protein is not attached to the cell membrane, and has a structure somewhat similar to the constant region 
of antibody molecules. The main chain of the Class I molecule is anchored by a 23 amino acid hydrophobic 
alpha helix which sits in the membrane, below which is a sequence of five positively charged amino acids. 
Below this is a cytoplasmic amino acid sequence containing tyrosine and serine; these amino acids 
become phosphorylated by protein kinases when the MHC receptor above is bound, and thus in some way 
act as signal transducers into the body of the cell. (Hormone receptors on cells behave similarly). Because 
Class I molecules are internalized when bound by antibody ("capping"), they are obviously attached in 
some way to the cell cytoskeleton. 



membrane 
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There are at least five regions of amino acid diversity in the a1 and a2 regions, giving the molecule its 
variability from haplotype to haplotype. On the other hand the a3 region is mostly constant; in fact, it shows 
substantial similarity to the constant region of immunoglobulin molecules. 


N N 




The mouse Class II molecule [above] is an heterodimer consisting of two noncovalently associated 
transmembrane anchored peptide chains, the alpha chain and beta chain. The alpha chain is about 34kDa, 
whilst the beta is slightly smaller, at about 28kDa. Each chain appears to exist as two domains, although 
the outer domain of the alpha chain is not joined by a disulfide bond (it lacks cysteine residues), perhaps 
allowing greater flexibility of the molecule. Each molecule has a transmembrane and cytosolic region as 
above. 

The a and p chains are synthesized independently, then associated with a third chain, the y- or invariant 
chain, which is now known to be bound to these chains in such a way as to initially block the insertion of 
antigen (all will become clearer below). 

The expressing cell (macrophage or B cell) constructs these molecules by dipping into its pool of A genes 
or E genes. It makes an A-a plus A-p molecule, or an E-a plus E-p molecule, but it does not mix and match 
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A and E gene products. Thus a molecule made up of A gene products is sometimes referred to as an l-A 
("eye-A") molecule, whilst those made from E genes as an l-E molecule. 

The purpose of the MHC molecules is to present antigen to T cells. Because the T cell has to see a 
combination of both MHC molecules and specific antigen, the T cell is said to be restricted by this 
requirement. 

It is now clear that the T cell receptor must fit tightly onto the MHC/antigen peptide combination. In the late 
1980’s the structure of a crystal of a human Class I molecule replete with its peptide in place was solved 
and showed that this structure looks a bit like a giant clam. The jaws are made of alpha coils, and the 
"mouth" of underlying beta pleats, in the midst of which sits the antigen peptide. 



To expand on this point, the a3 and p2m domains of the Class I molecule are neatly folded into antiparallel 
p-pleats (looking a lot like the constant regions of antibody molecules). The a1 and a2 parts of the 
molecule form the jaws of death shown in the next figure. Note that the "top lip" and all the left side of the 
"mouth" comes from the a1 , and all the bottom lip, and the right side of the mouth comes from the a2 
domain. The "mouth" itself is formed by antiparallel pleats, and the lips by alpha helices; the overall 
structure creates a central groove into which processed antigen sits. 
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How this all might come about is still a matter of very active experimentation. Everyone agrees that the 
antigen peptide sits in the cleft of the MHC molecule, the so-called hot-dog-in-a-bun model, but how it gets 
there is still not clear. The current hypothesis is that, in the case of Class I molecules, the p-2 microglobulin 
molecule ionically associates with the main MHC molecule creating a cleft (which initially may contain 
water molecules). This then allows the outer part of the molecule, the a1 and a2 bits, to bind to peptides 
forming a stable complex. The present idea is that the formation of the complex "closes" the antigen 
binding cleft, stabilizing the entire structure. 

The groove has been calculated to be about 25 angstroms long, about 11 across from lip to lip, and about 
13 deep. Theoretically, this should hold a helical peptide of about 20 amino acids, or 8 amino acids if in p- 
pleated configuration. 

The structure of the Class-ll MHC molecule took a bit longer to figure out, but towards the end of the 
1990’s a series of crystal studies began to appear. These showed that the Class II groove is slightly larger, 
allowing perhaps 12-14 amino acids in a p-pleat. 

In an X-ray crystallography study on mouse Class-ll presenting a 12-residue peptide from hen lysozyme, it 
was found that the peptide had at least five anchor points deep in the MHC cleft, so that the structure 
dipped into the latter [telling us different peptides stick out, others bend inwards]. Three had hydrophilic 
interactions with residues in the MHC molecule, and the other two were hydrophobic. A dominant pocket 
contained aspartic acid, a common feature of lots of peptides apparently. In another crystal structure, of 
human Class-ll and collagen, aspartic acid in the peptide formed a salt bridge with a lysine in the MHC 
molecule, with four other antigen/MHC contact points made by hydrogen binding. 

The Class-ll structure has several similarities to Class-1. The two distal domains [a1, pi] are paired to form 
an eight-stranded p-pleated sheet topped by two a-helices, much like Class-1. The two proximal domains 
[a2, p2] are folded into Ig-like domains that are paired asymmetrically like a3/p2M in Class-1]. As noted 
above, where Class-ll differs is that it can handle bigger peptides, and these stick out at the ends because 
the ends of the cleft are not closed like they are in the Class-1 molecule. Moreover, there is hydrogen 
binding between conserved residues in the Class-ll cleft and the peptide, which twists the antigen into a 
helical conformation. This explains why Class-ll can bind/present such a huge number of possible antigens. 

The next question concerns the construction of the T cell receptor itself. As you might imagine, as we learn 
more and more about it our picture becomes more complicated. 
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There are four major components to the receptor, CD2, CDS, CD4/8*, and the actual MHC/Ag complex 
binding site that is shown above. To start with this last entity, it consists of two peptide chains (of about 40- 
50kDa each) again designated a and p. This is the actual business end of the receptor, that fits down onto 
the MHC molecule/antigen complex on the presenting cell. The a and p chains of the TCR are encoded by 
genes (see next chapter) which include both constant and variable elements. The sequence of a number of 
chains has been determined, and, you guessed it, there appear to be hypervariable regions [CDR] within 
the overall variable region of each chain, just like in antibody molecules. Thus, just like the antigen binding 
site on the antibody molecule, the TCR possesses similar structures, except these are designed to bind to 
the MHC/antigen complex. 

[* CD = "cluster of differentiation" molecules; this is the current way of classifying the myriad of cell surface 
molecules now identified. Also it helps when talking about molecules from different species; i.e. mouse 
(originally L3T4, and human (originally OKT4) are now both referred to as CD4]. 


From a distance, the TCR looks a bit like a Class II MHC molecule. Each peptide has two domains formed 
by di-sulfide bonds, and the molecule is anchored into the membrane by a transmembrane hydrophobic 
region, and a cytoplasmic sequence. There is also another similarity to the antibody molecule, in that the 
constant regions of the two peptides are joined by an interchain disulfide just above the membrane. 



Non-covalently attached to the TCR, probably lying alongside it in the membrane fluid matrix, is a large 
protein complex (of about 100-120kDa), made up of five polypeptides (y, 5, s, ^ and ri), collectively called 
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CDS. This structure is invariant, and occurs on all T cells; its function appears primarily to be transmission 
of signals from the alpha/beta receptor down into the cell. Evidence for this is (a) tweaking CDS directly 
with anti-CDS antibody triggers the T cell, and (b) in cell lines that are defective for the y-protein of the CDS 
complex, specific antigen binding by the TCR fails to trigger the cell. 

How exactly does the T cell receptor and the MHC molecule hook up? Crystal structures of MHC 
molecules and TCRs have given us S-D views of what these both look like, and it looks like the TCR 
flattens down onto the MHC/peptide complex. This “docking topology” is not straight down [“straight and 
simple” as the Aussies might say] but seems to happen diagonally. There are a dozen or more contact 
points between the TCR and MHC, and not much difference in general between Class-1 and Class-ll 
interactions. The contact points for the CD4 and CDS molecules [see below] are on different sites on the 
MHC structure, as you might expect. The CDR loops [CDR3] of the Va and Vp parts of the TCR are long 
and these extend down into the center of the peptide-containing cleft, while the CDR1 contacts the a- 
helices of the MHC itself [this happens in a similar manner for both Class-I and Class-ll]*. The peptide 
bound by Class-ll is longer by 4-5 amino acids but this does not seem to be important; the extra bits stick 
out either end of the cleft and don’t seem to contact the MHC molecule. 

*[l should point out here this is not completely clear; I found at least one other review about a different 
crystal [mouse Class-I binding a viral peptide] in which CDR1 and CDR3 contacted the peptide, with CDR2 
binding the MHC]. 

Returning to the issue of CD4 and CDS in contact between the TCR and MHC, this is critical for TCRs to 
distinguish between Class-I and class-ll. In T cells restricted to seeing Ciass II MHC molecules, the 
CD4 protein is expressed. In T cells that see Class I molecules, the CDS protein is expressed. The 
CD4 and CDS molecules have filled immunologists with joy, for the simple reason that they can use 
antibodies raised against these two proteins to distinguish between these two broad subsets of T cells, as 
shown below. As for what the CD4 and CDS molecules actually do, there is strong evidence that these 
molecules act as stabilizers, or perhaps anchoring molecules, to hold the a/p chains tightly in their binding 
to the MHC molecule/antigen complex. Regions on the MHC molecule where the CD4 and CDS molecules 
probably bind have now been identified. There is now good data that these molecules can also act in the 
transduction of signals into the cell, once associated with the bound MHC molecule. 
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The three major T cell popolatiDiis defined by their expression of CD4 

or CDS molecules 



Antigenic peptides 
processed through 
endosomic pathway 


Antigenic peptides 
processed through 
cytoplasmic pathway 


The CD4 molecule has about 400 amino acid residues, making it about twice the size of the CDS molecule. 
It consists of four Ig-like domains. The bottom two are folded tightly creating a rod-like shape, then there a 
more flexible hinge bit, then the top two domains are also folded into a rod as well. The CDS molecule 
appears to be more compact, consisting of two domainic chains parallel to each other and joined by a 
disulfide bond at the base of the molecule just above their transmembrane tails. The CDS molecule binds 
to the Class I molecule at the base of aS, and the CD4 binds to the Class II molecule at the base of p2. 

The other molecule that appears to be associated with the T cell receptor, the 40kDa CD2 molecule, may 
have a similar role. It is becoming apparent that this molecule can interact with an integrin on antigen- 
presenting cells, LFA-3, but whether this facilitates binding of the alpha/beta chain remains unproven. 

Before we start to look at specific examples of how these receptors are restricted by the MHC, we should 
also look at one important facet of MHC gene inheritance. Simply, MHC genes are inherited codominantiy. 

We must also dive into what is probably the most confusing system of all to the immunological newcomer, 
the serological designation of MHC haplotypes. This is how it works. If we go back to Gorer's pioneering 
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experiments, we will remember that mice that rejected his sarcoma implants also raised antibodies (to 
Antigen II). One way to look at this is to imagine the K gene product of two different inbred mouse strains, 
the CBA and the DBA/2. If you look from a distance, the two molecules look the same: one transmembrane 
peptide with two domains, etc, etc. But as we move closer we begin to notice some differences within the 
overall sequence of the molecule, a different amino acid here, three amino acids different there. In fact, 
there are several known antigenic sites, particularly in the a1 and a2 regions of the Class I (on the Class II 
molecules they are mostly on the a1 and pi domains). As so, if we inject cells from the CBA into the DBA/2 
mouse, the DBA/2 will make antibodies to what it perceives as antigenic sequences on the CBA K gene 
molecule. 

And this is what the serologists and immunogeneticists have proceeded to do ad nausiam. Structural 
"haplotypic" differences in MHC molecules of a given inbred mouse can be classified this way, giving rise 
to nomenclature that designates the MHC "haplotype" of a given strain; this nomenclature consists of a 
lower case single letter. Thus the CBA molecules recognized by the antibodies in the DBA/2 mouse above 
allow (so sayeth the serologists) the CBA to be designated of haplotype "k", whilst if the reverse 
experiment were done, it would show the DBA/2 to possess the "d" haplotype.* 

[* we should note that mouse immunogeneticists have long run out of just using single letters; the K and D 
genes have in excess of 100 alleles each, making them by far the most polymorphic genes known.] 


You write the haplotype of a given H-2 as a superscript. Thus, the CBA mouse is H-2'' and the DBA/2 
mouse is H-2''. Within the H-2, each region is assigned this haplotype, and so is written K'', I'', and D'', etc. 
Within the I region, cells will express molecules of either the l-A'' or l-E'' type. 

[If you are devilishly clever, you can cross-breed mice so that recombination events occur within the H-2 
locus. Thus you can come up with a mouse of haplotype K'' I'' D'', for example. This can be useful for 
distinguishing the precise site of T cell restriction events; for example, if a T cell clone reacts with H-2'' 
presenting cells, but not with cells from the recombinant animal just above, this means those T cells are 
restricted to seeing antigen plus molecules expressed by the D gene. Geddit?] 
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And so to codominant inheritance. If you put a female CBA mouse in a cage with a male DBA/2, turn down 
the lights, and put some champagne in the corner, these animals start doing things that got Jimmy 
Swaggart into big trouble*. And, in addition you get lots of little CBAxDBA/2 F1's. These mice are H-2'^'', 
and their molecular (haplo)types now, under the rules of codominance, are both expressed on the cell 
membrane. Thus if we consider a fibroblast sitting in one of these mice, it is expressing four Class I 
molecules on its surface, K^ K'^, D'^, and D'^. 

[* A foaming-at-the-mouth fire-and-brimstone TV evangelist who in 1988 got caught "ministering" to ladies "of the late 
evening" frequenting the streets of New Orleans, and then again in 1991 when he hired a prostitute in California. Not 
long after he got forgiven by his flock, and got right back into the business of fleecing them]. 

Having explained this, we can now go ahead and and expand on the two specific examples shown above: 
Class I MHC restriction of cytolytic T cells, and Class II MHC restriction of helper T cells. 

Cytolytic T cells are a good place to start, because it was studies on these cells that first pointed to the 
phenomenon of MHC restriction of T cell recognition, and thus paved the way for what we understand 
today. 

Cytolytic CDS T cells are T cells that can directly cause the lysis of other "target" cells. These target cells 
can be tumor cells, or foreign graft cells, but probably the most important on a day to day basis are cells 
expressing virus particles on their surface. The precise lytic event was a matter of some debate for many 
years, but now the evidence suggests that when the cytolytic T cell binds to its target cell it releases 
perforin, a molecule related to the membrane-spanning complement molecules, that creates lytic pores in 
the target cell membrane. This alone may be enough to destroy the cell, but the cytolytic T cell also passes 
granules through the perforin pores which contain a number of materials including granzyme B, a protease 
that causes nuclear breakdown and programmed cell death [apoptosis]. 

[CDS T cells can also kill target cells if the latter express the molecule Fas. This is engaged by FasL on the 
CDS cell transmitting an apoptotic signal into the target cell. Interestingly, it is now known that both 
granzyme and the Fas pathway trigger the same “executioner caspase”, caspase-S, a molecule that enters 
the nucleus and activates DNA chopping up, etc, characteristic of the apoptotic process]. 

When a host cell is infected by virus, some of the viral particles are processed by the cell and then become 
expressed on the cell membrane in association with Class I molecules (remember, these are expressed 
constitutively by all nucleated cells). The combination of viral antigen plus "self" Class I MHC is recognized 
by the cytolytic T cell receptor, and the cytolytic T cell lyses the virally-infected cell. In this way, incomplete 
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virus particles are released into the bloodstream before their construction into functional virions has been 
finished, thus slowing or halting the disease process. 


Our understanding of this mechanism resulted from the experiments of Zinkernagel and Doherty down- 
under in A-stry-lia in 1975. Zinkernagel (a Swiss) had gone there to do post-doctoral work after finishing his 
medical training, and there he began working with Doherty, an Australian research veterinarian. Their work 
concerned the generation of cytolytic T cells in mice infected with LCM virus. What they found, simply, was 
that cytolytic T cells from an H-2'' LCM-infected mouse could lyse in vitro cultures of H-2'' macrophages 
infected the virus, but that the experiment didn't work if LCM-infected H-2'' macrophages were used instead 
(or vice versa). Now this type of phenomenon had occurred before in various laboratories, but to the great 
credit of Zinkernagel and Doherty, they were the first to recognize that such results could be attributed to 
restriction of the cytolytic T cell activity by the MHC haplotype of the animal. Thus, they argued, the 
cytolytic T cell had to see the viral antigen in the context of "self" MHC, a phenomenon they described as 
MHC restriction. They were awarded the Nobel Prize for this work in 1997. 




The basic of MHC restriction: the TCR must see the correct MHC 
haplotype as well as the specific antigen. On the left a T cell from an H-2 
“k” mouse sees antigen bound into the MHC cleft of an H-2 “k” 
macrophage, which triggers immunity [such as CTL activity] whereas on 
the right a T cell from the same clone cannot bind tightly to the same 
antigen presented by a macrophage from an H-2 “d” mouse in which the 
MHC three dimensional structure is just a little bit different. 


If we apply the rules of MHC restriction to those of codominant inheritance, we can see that an FI mouse 
bred from two inbred strains will possess four cytolytic T cell populations ("clones") that will recognize the 
same viral antigen, each in the context of a different Class I molecule. Thus, in the example shown on the 
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below, a H-2k/d F1 mouse has different cytolytic T cells that recognize (1) K'^+virus, (2) K'^+virus, (3) 
D'^+virus, and (4) D'^+virus. 



The neat thing about the above system is that it would only take a hit from just one of the four CDS cells 
above to kill the target cell. This is a major benefit of having a highly polymorphic MHC system. 

MHC restriction rules also apply to helper T cells (so called because they help or regulate a number of T 
cell responses, including the antibody response), except here the restriction is via recognition of Class II 
MHC molecules. You will remember that we touched upon this subject above, when we saw how 
macrophages and B cells can process antigens and then re-express them on the cell membrane in 
association with MHC molecules. Well, quite simply, the molecules they use are the Class II MHC 
molecules that macrophages and B cells are allowed to construct from their pool of A and E genes. In 
similarity to the cytolytic T cell story above, it can be shown experimentally that helper T cells from an H-2‘^ 
mouse immunized with ovalbumin can release signals (cytokines) to promote/help the antibody response to 
go forward if they are presented with ovalbumin in association with F molecules (l-A*^ or l-E*^), but not if the 
antigen is presented by cells from a mouse of a different MHC haplotype. 
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We should also mention T cells that recognize foreign MHC molecules directly (usually Class I), which we 
call alloreactive T cells. (The word alloreactive is derived from the Greek: alios, meaning "other" in the 
sense of stranger or foreigner. You will recall that when you approach a policeman on the streets of 
London, he says "'alio, 'alio, 'alio."). Oh God, I am so funny sometimes.... 

In fact a large percentage of your T cells [1 -10%] can react to alloantigens such as foreign MHC on skin or 
kidney grafts, for example. This is of course strange; nobody swimming in the primeval ooze could care 
less about transplantation. The best explanation I can give is that T cells are deleted or tolerized to SELF 
Ags+SELF MHC but obviously there is no way to deal with those that could potentially see SELF 
Ags+NON-SELF MHC [actually, in reality cross-reactivity by cells actually encoded to see NON-SELF Ags 
plus SELF MHC]. The graft foreign MHC molecules will present lots of different SELF peptides to passing T 
cells, setting up an intense immune response, leading to graft rejection. 

Recent crystal data complicates this further. It was found that inducing mutations in mouse Class-I could 
make this molecule alloreactive, in that it could now present a self-peptide to T cells [i.e. possibly what is 
happening when foreign MHC in a graft present self peptides, triggering graft rejection]. Turns out, a single 
AA mutation can induce this, and the position of this mutation was found to be below the cleft in a position 
in which the TCR would not see it. Despite this, there were big time changes in the TCR p chain 
considerably increasing contact points. All this seems to indicate that even subtle repositioning of a [in this 
case, self] peptide is a strong trigger for reactivity. 

Gamma/Delta T cells. 

In the search for genes that encoded for the alpha and beta chains of the T cell receptor, the Nobel 
Laureate S. Tonegawa came across a third gene, gamma, that had striking similarities to the alpha and 
beta genes. Soon after, in 1986, came the discovery that the gamma gene, and a fourth gene, delta, could 
together encode for a T cell receptor (the y/S receptor) that differed from the "conventional" a/p expressing 
Tcell. 

For a while, between about 1990 and 2000 we saw a lot about these cells in the literature. Since then, 
however, things have dried up and interest has waned somewhat. In the thymus and peripheral lymphoid 
tissue, y5 T cells comprise only about 5% of all T cells, and most do not express the CD4 or CDS markers 
characteristic of ap T cells [there are a few that are CD8-i-]. In contrast, y5 predominate in epithelia, such as 
skin, and the epithelial layers of the small intestine. Some can secrete cytokines, and some may be 
cytotoxic, in similarity to their ap cousins. The MHC restriction patterns are confusing to date; some 
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immunologists have evidence that yS cells can recognize either self- or allo-MHC molecules, whilst others 
say they cannot. 

One reasonable idea [passing the test of time] is that y 5 T cells are a first line of defense at epithelial 
surfaces. They do not appear to have a large number of genes that control the range of specificity (or 
"repertoire") of their receptors, and so they may represent nonspecific "inflammatory" T cells that whistle in 
other cells to sites of inflammation [there is an argument that the TCR of the y 5 cell has more diversification 
than first thought, which would increase the size of its repertoire, but I think this remains to be seen]. Much 
attention has recently been drawn to the observations that certain mycobacterial antigens are recognized 
by y 5 T cells, suggesting that they are part of a primitive pathogen recognition system. In fact, right now 
[2012] we are realizing we have multiple redundant systems doing this [see bit about ILCs later on...]. 

Collectively, the evidence to date indicates that (1) the basic structure of the ap and yS TCRs are similar, 
although the latter may be more “bendy”; (2) the y 5 cells appear to lack "thymic dependency" unlike their ap 
cousins; in fact they seem to leave the developing thymus very early on and in three distinct waves....[i] 
cells with the VyS TCR recetor type leave and head specifically for the skin, [ii] Vy6 cells then leave and go 
to the reproductive tract, and then [iii] all the other cells leave and head towards various lymphoid tissues; 
(3) y8 cells preferentially colonize epithelial tissues; (4) although the jury is still out, y5 cells may 
preferentially recognize TIa-like Class I molecules (the gang of nonploymorphic genes to the right of the D 
genes); (5) y5 cells appear to strongly react with self heat shock/stress proteins (it has been proposed that 
destruction of "stressed" cells expressing these proteins by cytolytic y8 cells is a defense mechanism 
whereby such cells are destroyed before they trigger ap cell-mediated autoimmunity); and (6) y5 cells do 
not appear to play any role in secondary immune responses (probably because once y5 cells initially 
respond to antigen they then die (apoptosis; see below)). 

Update . 

Since I first wrote much of this stuff I myself got dragged into this field about 15 years or so ago. I showed 
that y8 cells accumulating in Listeria infection lesions are a potent source of a chemokine, MCP-1, that 
recruits monocytes to the site of infection. In other words, y8 cells are not directly protective T cells, but are 
acting as “traffic cops”, making sure the right type of phagocytic cell shows up. My subsequent paper on TB 
infection then further backed this up. I was able to show that y8 gene knockout mice the TB granuloma fills 
with neutrophils [pyogranulomatous] but the mouse was not less resistant to the TB infection. This futher 
supported my “traffic cop” idea.... 
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Also, problems in showing MHC restriction of yS cells now seem to reflect the fact that Class-lb [i.e. non- 
polymorphic] MHC molecules may be the only ones y5 can see. We also now know that small, non-protein 
molecules can trigger y5 cells. These are often hydrophobic molecules, and all have to contain phosphate 
groups to work, all of which suggests at least a vague similarity with the CD1 Class-lb story [see below]. 

Around 2010 a new concept arose that y5 cells form part of what is called a “lymphoid distress-surveillance 
response” which responds to all sorts of tissue damage caused by divergent reasons [infection, tumors, 
inflammation, autoimmunity...etc] - the idea is that damaged cells express Class-I MHC molecules [T10, 
T22] and these bind to the CDR3 loop of the 8 chain. A similar thing may be happening to virally infected 
cells that accumulate isoprenylphosphate as a result; Vy9V52 cells can see these, but not in the TCR 
binding site [‘cos IPP is too small a molecule]. This may be all related to the new data showing y8 cells can 
make lots of IL-17. 


Anecdote.... In November 1999 I had the great honor to be asked to speak on immunity to TB at the 
International Congress of Immunology; something I am rather proud of, since there are only about 50 
speakers at this meeting of several thousand participants. 

The meeting was in New Delhi. When it ended I returned to the airport and was given a pass to the 
clubroom [sounds snobby, and it is, but trust me you don’t want to spend hours sitting around in the main 
airport waiting for planes to Europe that don’t leave until 2-3 am]. 

I sat next to a TV set, which was not on. A thin tall man came up to the set, and with his back to me started 
to write on some papers he had put on the top of the set. 

Twenty minutes later a bunch of drunken Aussies, pitchers of gin and tonic in hand, rather loudly 
demanded to see some cricket highlights on the TV [India had played Australia that day] and yelled at the 
man to move away. I thought this was very rude and stood up and said so. The Aussies agreed, 
apologized, and gave us both G&Ts. “My name is Ian Orme” I said to the thin man, holding out my hand. 

“Rolf Zinkernagel” he replied. 
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12. ANTIGEN PROCESSING AND PRESENTATION 


Now that we know what a MHC molecule looks like, we can give some information as to how antigen is 
processed and associated with these molecules, prior to presentation to T cells. 

We touched on this subject earlier, where it was first revealed that there are two pathways of antigen 
processing. We can now look at these in detail. 

The first pathway is associated with Class I MHC molecules, and thus can occur in virtually any body cell. 
This pathway is called the endogenous pathway because a major trigger is the cytoplasmic invasion of 
the cell by an external parasite. The classical example is virus infection, in which antigens resulting from 
intracellular infection are processed and associated with Class I MHC molecules and then presented to 
Class l-restricted CD8+ cytolytic T cells. 

Unfolded Class I molecules first appear in the endoplasmic reticulum. Up slides a chaperonin protein, 
calnexin, to help in the folding process. This is a lectin interaction, mediated by binding to a carbohydrate 
attached to Asn86 in the Class-I molecule. The Class-I molecule then binds p2-microglobulin, displacing 
the calnexin, which is replaced by an ER chaperonin protein, calreticulin. 

As we saw above, the Class-I molecule has two conserved disulfide bonds, one in the a3 domain and the 
other in the a2 domain which tethers the a2 helix to the floor of the peptide binding groove. Calreticulin 
binds an oxidoreductase called ERp57 which promotes the breaking of the SS bonding in the a2 domain of 
the Class-I molecule [ERp70 has two thioredoxin motifs that mediate disulfide bond reduction or oxidation] 
allowing better binding of the antigen peptide. Once this has been achieved, the stage is set for the 
assembly of the PLC [peptide-loading complex]. The function of this complex is to retain the MHC molecule 
in the ER until it can be loaded with high affinity peptide. Another chaperonin, tapasin, tethers the PLC to 
incoming TAP transporter complex. These transporters are members of the ATP-dependent binding 
cassette group [ABC family] called TAP-1 and TAP-2. They have a transmembrane hydrophobic domain 
and ATP-binding domain. Both the genes for the TAP molecules and for parts of the proteasome are 
encoded in the MHC locus. As all this happens when ERp70 and tapasin become covalent attached, 
fittingly by a disulfide bond. 

Meanwhile, in the cytoplasm, the nasty antigen chomping proteosome is chewing up a viral protein into 
little peptides. [We should emphasize that this efficiently chops up antigens in the cytoplasm, but it also 
serves to degrade host proteins that are old, worn-out, faulty, or incomplete]. This proteosome is a massive 
650kDa ATP-dependent protease, consisting of 28 subunit polypeptides in a cylindrical configuration (to 
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me, it looks a bit like the planet-eating maw in one of the old [original] Star Treks). Proteins in the 
cytoplasm get tagged by a protein called ubiquitin, allowing recognition by the proteasome complex. 

Recent data is providing more information about the proteosome...the cellular executioner. The overall 
structure actually consists of two components, the regulatory particle and the cylinder. The regulatory 
particle has two bits, a base and a lid. Proteins tagged by ubiquitin are recognized by sites in the lid 
structure. This allows another six enzymes in the base to pull the protein into the cylinder so it can be 
degraded. As this happens another enzyme in the lid, a metalloproteinase called Rpn11, snips off the 
ubiquitin tag. When the cell is activated by gamma interferon an additional protein, PA28, gets stuck on 
either end, making the complex even more efficient. 

The resulting peptides are pulled by the TAP into the ER where they are loaded into the groove of the 
Class-I molecules. Once a peptide fits into the cleft of the Class-I molecule, the molecule can finish folding 
correctly, which is facilitated by the tapasin and p2-microglobulin molecules. 
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It should also be pointed out that when the peptides reach the ER they are not “safe” from further 
degredation. In fact, in the ER is an aminopeptidase ERAAP [ER aminopeptidase associated with antigen 
processing] which can chop them up further. Only if they fit into the MHC groove are they rescued [survival 
of the fittest.. ..’cos they fit.. .Geddit?]. 

Once the finished MHC/peptide complex has been assembled it is detached from the PLC by dissociating 
from TAP [it is not clear how exactly]. The MHC/peptide is moved to the Golgi apparatus prior to transport 
to the cell surface for potential recognition by Class-1 MHC restricted CDS T cells. 

The second pathway is called the endosomal [exogenous] pathway. It occurs in antigen presenting cells 
that are capable of expressing Class-ll MHC molecules. We believe that these cells are constantly 
monitoring the fluid environment around them by pinocytosis, in which proteins, including possible 
antigens, are pulled into cell vesicles called endosomes. 

The Class-ll molecule is also assembled in the ER. It is closely associated with another protein, the 
invariant chain, part of which blocks its cleft so it cannot bind peptides. The complex is transported to an 
acidic endosome where proteases remove most of the invariant chain [leaving a small piece called CLIP]. 
This endosome then fuses with the endosome containing the antigen proteins, which by now have been 
smashed up by proteases into peptides. Another molecule in the fused endosome, HLA-DM [in humans, 
H-2M in mice] mediates the dissociation of the CLIP, allowing binding of the antigen peptide. DM/H2-M are 
nonpolymorphic Class-ll MHC molecules, but their function here seems to be a chaperonin role in 
stabilizing the Class-ll molecule after the CLIP has been removed, preventing it from denaturing in the low 
pH. The remaining Class-1 I/peptide is transported to the cell surface for recognition by Class-1 l-restricted 
CD4 T cells to recognize. 
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The purpose of moving the Class-1 and Class-ll peptide-loaded complexes to the cell membrane is so that 
they can be recognized by antigen-specific CD4 or CDS T cells and thus triggering the acquired immune 
response. 

When the crystal structure of the Class I molecule was first resolved the data seemed to indicate that there 
was an electron dense region in the antigen-binding groove which seemed to represent some sort of short 
peptide bound to the main MHC molecule. Subsequent analysis indicated that this peptide, now known to 
be the antigen the molecule was acfua//y presenting, was nine amino acids in length. 

At first, it was reasonable to assume that this peptide just lay or slid inside a "smooth" cylinder created by 
the sides of the cleft, the so-called hot dog in a bun model. However, this does not now appear to be 
correct. Instead, one can make definite predictions (at least about the human B27 haplotype Class I 
molecule that was crystallized) as to how the antigen peptide interacts with its MHC carrier molecule. 
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For instance, of the 9 amino acids in the peptide associated with B27, it seems that amino acids in the 2,3, 

7, and 9 positions are bound in some sort of side pocket or 'base pocket' within the cleft. These pockets do 
not appear to be highly 'specific' in that they can accommodate a number of peptides sequences at the two 
ends of the cleft, where the charged ends of the peptide can interact with polar atoms within the MHC 
molecule. 

In the B27 crystal structure, the 9-AA structure seems to be an extended p-pleat that appears to be 'kinked' 
with the AA in the 3 position jammed under the AA at position 5, and with the AA at position 4 stuck 
upwards out of the cleft. The sequence of the peptide in B27 is ARYAASREL. 

The side pockets seem to be highly polymorphic; the MHC pocket holding AA at position 2 is a deep side 
pocket with a hydrophobic region at the end of which are 2 negatively charged residues (Glu45 and 
Cys67); this would attract a long positively charged side chain such as that found on an arginine molecule. 
And guess what, as chance would have it, three viral peptides eluted from B27 all have arginine at the 2 
position. 

Position 3 seems to be a non-polar site; surrounding molecules in the MHC structure (Tyr99, Tyr59, 

His114) suggests a hydrophobic or aromatic side chain on the peptide would be welcome. AA at positions 
7 and 9 seem to fit into a large cavity which has a charged and polar surface; it is possible that several 
different AA side chains in the peptide could associate with different areas of this binding pocket. 

The two end positions seem to form salt bridges with AA in the MHC molecule. In the B27 molecule it 
seems quite apparent that two clusters of MHC AA are there for a specific purpose, namely to interact with 
the two ends of the processed antigen peptide (residues Tyr7, Tyr171, and Thr143 seem implicated in this). 
Thus, the peptide is anchored by these bonds and can't slide up and down the cleft. It can rotate however, 
and the side chain at position 1 may have a major influence on rotation (if the sidechain is small, rotation 
can be large). All in all, the total constraints on the molecule seem to indicate that the peptide is bent out of 
shape to some degree, probably making it more antigenic. 

Current computer modeling of the peptide/cleft suggests a tight complex of the MHC molecule and its 
peptide. In such models, it appears that peptides of diverse sequence can be accommodated within a 
relatively conserved backbone confirmation within the cleft structure. (At least, in the limited data obtained 
from the few MHC molecules studied, these rules seem to hold so far). It is apparent that the pockets in the 
B27 cleft holding positions 3, 7, and 9 are comparatively 'broad' pockets allowing big variation; in addition, 
position 7 can accommodate side chains in more than one configuration. Position 5 or 6 may act as some 
sort of central "anchor". 
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Various bits and pieces of the peptide will apparently stick out of the cleft allowing interaction with the TCR. 
In B27, positions 4, 5, 6, and 8 will have at least their side chains sticking out. In addition, positions 3 and 7 
are clearly bent out of shape and may also stick out. 



O Non-anchoring 

• Anchoring positions [p2, p9] 

• Possible auxiliary anchors 


The anchor and auxiliary amino acid sidechains are deeply buried in hydrophobic pockets formed 
by the alpha helices and the p-pleated floor of the cleft. In this brilliant artist impression by the 
author I have probably made the two jaws of the cleft wider than they actually are. If we pretend we 
are looking downwards at this structure the peptide would be bent in the middle and this would be 
sticking upwards. Think of this as a bumpy surface created by a combination of the MHO parts and 
various lumps of the antigen peptide sticking out. In the first crystal structure, the left hand end of 
the peptide was forming a salt bridge with lysine-146 of the MHC molecule. 


Because of the diversity allowed by the side pockets, it is likely that there can be great variability in the 
peptides that can potentially be bound by the MHC molecule. Allelic differences in MHC molecules 
possessed by the host would presumably increase these potential diversities. 

As an example of the possible diversity, recent experiments have eluted peptides from B27 MHC 
molecules and obtained sequences for these peptides. [Eleven such peptides have already been matched 
in a protein sequence bank to larger protein antigens, several were clearly derived from "self" proteins 
indicating that this is a common event]. Of these peptide sequences, 90% at position 2 were arginine, 
positions 1 and 9 were usually charged amino acids, the residue at position 3 tended to be hydrophobic, 
that at position 6 nonpolar or had short polar sidechains, whilst those at positions 4, 5, 7, and 8 were fairly 
unrestricted. A quick calculation indicates that as many as 13 million peptide sequences could play by 
these rules. 
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Update 


New information on the TCR continues to accumulate. The TCRap structure shows four CDR regions [i.e. 
not much different to the antibody binding site]. The original idea that bits of the peptide sticking up out of 
the cleft [perhaps two to five of them] bind contact points on the TCR seems to be holding up, and are 
determined by the aminoacids in those positions [called “hotspots”]. These are more uniformly distributed in 
the case of Class-11 clefts, because the groove is longer, and the peptides lie slightly deeper. These 
analyses have also revealed the presence of water molecules in the MHC/TCR interface. When these 
molecules are displaced entropy is increased and this improves the binding energy of the MHC/TCR 
complex. 

What has also emerged in the last few years is a better idea of the actual mechanics of MHC/TCR 
interaction. Some rather clever kinetic binding studies has looked at how the three binding bits of the TCR 
[CDR1, CDR2, and [two] CDR3....i.e. same sort of designation as we use for the antibody molecule] stick 
to the surface of a Class-ll molecule. The TCR binds to the MHC/antigen peptide complex in a conserved 
diagonal orientation that positions the CDR1 and CDR2 loops mainly over the MHC part of the complex 
[which helps explain MHC restriction] while the two CDR3 loops dangle over the peptide. If binding 
between CDR1/2 is strong this allows the two CDR3 loops to fold over the surface of the peptide. If all this 
forms stable bonding then the T cell gets triggered. 

Whereas the CDR1/2 are both rigid, the CDR3 loops are flexible. All this suggests a “two-step” model in 
which the TCR uses its CDR1/2 loops to scan the MHC molecules on the antigen presenting cell surface 
[remember, a single cell is probably presenting thousands of different peptides at any one minute], with 
correct binding of the CDR3 loops as the final deciding factor. 

In selection in the thymus lots of thymocytes are positively selected because binding stability is not 
stringent, which is explained by the above model in which TCR recognition of MHC is the first step. Also, 
because of the CDR3 loop flexibility, there is lots of room for cross-reactivity, which explains why lots of 
different thymocytes can be positively selected by a single MHC/peptide combination. 

As yet, we cannot explain why the ap TCR repertoire is biased towards the MHC, as indeed it must be 
given the process of positive selection in the thymus. Moreover, although it seems likely that the TCR and 
the MHC/peptide dock together in a diagonal configuration, the crystal structures obtained so far don’t 
reveal evidence of common surface contact points. CD4/8 anchors the MHC molecule, but doesn’t seem to 
prevent rotational movements of the TCR on the MHC [remember, these are rigid structures but are 
floating on cholesterol rafts in the plasma membrane, so it’s not hard to visualize them twisting around]. 
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Perhaps the answer is that we just don’t simply have enough crystal structures yet to see some conserved 
surface points/epitopes which will make sense of all of this, but it should not be too long before we do. 


T cell recognition of lipids....YES, REALLY..... 

CD1: a Class lb MHC llpid presenting molecule. When the CD designations for cell surface antigens was 
first dished out, a family of proteins were designated CD1. This simply because when the technique of 
monoclonal antibody production was first discovered, the first set of antibodies to human leukocytes bound 
a surface protein, then of unknown function, so this was called CD1. 

CD1 molecules are p2-microglobulin associated Class-lb molecules similar to regular Class-I [K, D] except 
that they are non-polymorphic and have an extremely hydrophobic binding cleft. Five CD1 isoforms 
have been identified; a through e. CD1a, b, c, are much alike, CD1d and CD1e a bit different. All five have 
been found in man and in guinea pigs, whereas mice only have CD1d. 

Where this system suddenly sprung to stardom was due to studies in 1994 in which a panel of T cell lines 
were screened against macrophages pulsed with mycobacterial sonicates, or against cells transfected with 
CD1 molecules. From this, cell lines were identified that appeared to be CD 1-restricted, and the antigen 
turning them on was found to be mycolic acid, from the big waxy bit of the TB cell wall. A curious [to me at 
least] bit of this story was the fact that the T cells were “double-negative”, i.e. not expressing CD4 or CDS. 
Since then however, more normal T cell subsets have been shown to be CD1-restricted. Another fact that 
quickly arose was that the CD1 presenting molecules were CDIb or CDIc, dashing the hopes of us mouse 
chaps [which only have CDId]. 

As you’ve already probably guessed, the evident purpose of CD1 is to use its hydrophobic cleft to present 
nice big bacterial lipids. The hydrophobic tails of the lipid are deep in the cleft and the more hydrophilic 
sugar containing ends stick out the top. Mycobacterial lipids, such as mycolic acid and lipoarabinomannan, 
fall into this category rather nicely. Where the story diverges however, is in the way the lipids and CD1 
molecules come together. Nice work about fifteen years ago first suggested that this mechanism could be 
inhibited by chloroquine, which glues up endosomic processing. This very unexpected result turned out to 
be correct; lipids are internalized by the cell and transported through the acidic endocytic system [i.e. like 
Class-ll antigens rather than the Class-1 pathway you’d expect for CD1]. It does this because it has a 
tyrosine based cytoplasmic tail motif that can associate with the invariant chain, usually involved with 
Class-ll molecules [the chain binds CD1 in the endoplasmic reticulum and probably does this to prevent 
CD1 from binding lipids before it gets to the endosomes]. CD1 gets built in the same places as other Class- 
I molecules but it seems it gets transported up to the cell surface first, where it gets associated with 
vesicles [clathrin-coated pits], and these then get dragged back down to the endosomes. This compartment 
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gets the look over by the CD1 molecules, lipids are bound, and the complex heads back to the cell 
membrane. 

T cells that recognize CD1 containing lipids secrete the usual array of molecules, but 
particularly TH1 cytokines [a good idea if the lipid just fell off TB], One can regard this as protective in its 
own right, or as an early defense mechanism facilitating acquired immunity. One curiosity still remaining 
however, is the fact that various cell lines recognizing CD1 do not have any costimulatory molecules, so 
how they actually get triggered is unclear. 

Are mice left out of the fun? Not completely. Cd1d can present one known molecule, a-galactosylceramide, 
an unusual sphingolipid found in certain bacteria. T cells that see this may belong to the “NK family” [i.e. 
NK+CD4+ “NKT cells”], and it is known that they express an “invariant” T cell receptor using the same Va 
and Vp chain genes [makes sense...one known antigen, one nonpolymorphic presenting molecule...]. 


CD1b Antigens CDId Antigens CDIc Antigens 



CD1b-CD1d 
Antigen Motif 


Newer information on this topic suggests the following. CD1 molecules are made in the ER where their cleft 
is loaded with phosphatidylinositol lipids. They then go through the Golgi and then up to the cell surface. It 
now seems that the CD1 molecules continuously cycle back into the cell, in association with endosomes 
and lysosomes, and that at any point in this process the lipids in the cleft can be replaced with antigenic 
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lipids. In the lysosomes sphingolipid activator proteins [SAPs] mediate the loading of these lipids into the 
CD1 molecule, which are then released to go back up to the surface. 


Update... .As of 2014 there are the usual crystal structures, so we know more about the cleft in the GDI 
molecules, each isoform being a bit different. In addition to mycolic acids, certain GDIs can present 
glycerol monomycolate, phosphatidyl inositol, and mannosyl phosphomycoketides. Alpha- 
galactosylceramide is specifically presented by GDId, to invariant NKT cells expressing Va24Ja18 in 
people, and Va14Ja18 in mice. 

It was thought that since some of these are expressed by M.tuberculosis these lipids might protect if used 
as vaccines targeting GDI presentation. Reviews even state these studies worked. They didn’t -- protection 
was marginal at best, and lung lesions were a tad smaller, but that’s all.... 
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13. A BRIEF DISCOURSE ON T CELL SIGNALING 


Turning T cells on and off. 

T cells get turned on and off. This event is tightly controlled so as to prevent too much activity, which might 
result in immunopathology, and depends on factors such location [where the T cell is at the time], the 
recognition of the MHC/Ag complex by the cell’s receptor, and the presence of the extra signals delivered 
by co-stimulatory molecules. As a result there is a rapid but limited response, followed by the generation of 
memory T cells. The cells arrive where they are needed, recruit in other cells by means of cytokines and 
chemokines, and mediate or initiate effector functions. 

Mature T cells are circulating cells. If they encounter specific antigen in inflamed tissues or in lymphoid 
tissues they rely on interactions with several molecules on the antigen presenting cell to induce activation. 
These are TCR to MHC/Ag, CD2 to LFA-3 on the ARC, LFA-1 to ICAM, CD4 or 8 to MHC II or I, and 
CD45R to CD22. Matzinger has postulated [including in a lecture at CSU where she locked horns rather 
entertainly with your truly] that this collection of signals constitutes a “danger signal” to the host. The first 
step is that TCR/MHC-Ag engagement turns on expression of CD40L in the T cell. Binding of CD40L to 
CD40 on the presenting cell induces the latter to make B7, which then binds CD28 on the T cell. This event 
stabilizes IL-2 mRNA, which otherwise gets chopped up, and is the primary step in T cell activation. 

The initial signal through the bound TCR is via four factors...[1] protein phosphorylation, [2] calcium flux, [3] 
pH flux, and [4] cyclic nucleotide flux. The zeta chain of the CD3 complex, which is mostly cytoplasmic but 
has two negatively charged bits swimming up between the positively charged little tails of the a and p 
chains of the TCR, has a motif called ITAM [immunoreceptor tyrosine based activation motif]. This contains 
two tyrosines that get phosphorylated if the TCR gets ligated. This is mediated by protein tyrosine kinases 
that are members of the Src family [Fyn, BIk, Lyn]. If the receptors cluster together because of antigen 
binding, these kinases phosphorylate and activate each other before then doing the same to the zeta chain. 
Binding of CD4 does much the same thing, this time via a Scr kinase called Lck, which is associated with 
the cytoplasmic tail of the CD4 molecule. These kinase systems are tightly regulated; they can be bound by 
ubiquitin and targeted for proteasomic degradation, plus they have a second tyrosine phosphorylation site 
that if triggered bends the molecule in half, blocking a key [SH2] domain. However, if only the tyrosine 
closest to the C-terminus is activated, the “on switch” is...er...on. 

ZAP70 is a 70kDa protein that binds to the phosphorylated ITAM molecules. If Lck is activated by 
successful binding of CD4 or CD8, then it phosphorylates ZAP70. Mice lacking ZAP70 get born with severe 
immunodeficiency, illustrating its importance. 
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[In a sense, B cells get triggered in a similar manner. When a B cell is triggered by binding its antigen, the 
whole process can be enhanced if the antigen has bound the complement component C3d. B cells of 
course don’t have CDS, but they do have a co-receptor complex consisting of CD21 [which binds C3d], 

CD19, and CD81. Collective triggering of this lot is then transmitted into the cell via the Scr system, ending 
up with B cell proliferation and differentiation towards the plasma cell stage]. 

Activated ZAP70 phosphorylates the substrate LAT [linker of activation in T cells]. LAT is a transmembrane 
adapter protein that is involved in the assembly of several substrates of ZAP70 [BLNK is the B cell analog]. 
LAT has palmitoylated cysteine residues which makes it useful as a dish washing liquid, but also allows it 
to stick to cholesterol rich “rafts” in the membrane where TCR and other important receptors like to 
congregate. Activated LAT switches on a ton of intracellular signals/pathways, including phospholipase C, 
GEFs [guanine nucleotide exchange factors], and another family of kinases [Tec kinases]. Mice lacking 
LAT have uncontrolled division of TH2 cells, and apparently little or no Tregs, so it is obviously a key 
regulator of T cell subset commitment. 

Phospholipase C chops up phosphatidylinositol biphosphate to form diacylglycerol and inositol triphosphate. 
DAG switches on our old pal NFkB, which heads to the nucleus to do its various jobs, and inositol 
increases the intracellular calcium concentration, which triggers a phosphatase [calcineurin or calmodulin] 
to activate another transcription factor, NFAT. 

GEFs trigger a separate pathway, involving the “small G protein” Ras. Most of the time Ras is bound to 
GDP and is inactive. GEFs displace GDP and allow GTP to bind instead, activating Ras. This triggers yet 
another kinase family, the MAP kinases, which in turn activates Fos, a member of the AP-1 transcription 
factor family. Together, NFAT and AP-1 turns on the IL-2 gene, completing the T cell activation sequence. 

As you might imagine, there are lots of controlling systems to prevent things getting crazy. Many of these 
act at the ITAM and ZAP70 stages, and include an inhibitory version of ITAM, called ITIM, which triggers 
inhibitory phosphatases [SHP-1, SHP-2, and SHIP]. In contrast, CD45 can enhance Src activity by 
removing phosphate from the inhibitory cysteine residue; memory T cells have an isoform of CD45 that is 
particularly good at this, which may help explain why these cells respond so quickly. 

The overall T cell triggering event is enhanced by the cholesterol rich raft formation, which results in a sort 
of microdomain in the plasma membrane. Phosphatases that inhibit activation become excluded from 
these structures, whereas memory T cells seem to have much higher numbers perhaps allowing faster 
triggering. 
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So, to back track for a second, the TCR/ZAP70 pathway tells the cell it has encountered its specific antigen, 
binding of CD4 or CDS provides the necessary avidity, and factors like CD45 help provide control of the 
process. But before the cell is fully activated, co-stimulatory molecules are needed to provide the final “go” 
signal. 

The raft-swimming TCR aggregate has recently been given the fancy name “the immunological synapse” 
by certain immunologists. This leaves me cold personally, because I still think in terms of acetylcholine in 
nerve endings, but...well....who cares. The rafts themselves consist of cholesterol and sphingolipids which 
float in the fluid mosaic of the membrane glycerolphospholipids. Study of these structures is helped by the 
fact that they are not solubilized by cold non-ionic detergents, and so can be isolated intact. But, as far as 
the immunologic synapse goes, this refers to a cluster of TCRs surrounded by a ring of integrins. When 
these are engaged the resulting complex remains very stable over a matter of hours. 

Binding of co-stimulatory molecules is critical to the cell, because it has come this far already, and if this 
does not occur the cell goes into activation induced cell death [AlCD], a form of apoptosis. Expression of 
CD28 by the T cell and its binding to B7 [B7.1 or B7.2] prevents this, and CD28 has additional functions 
including raft aggregation [loaded to the eyeballs with Lck and LAT] as well as effects on the cytoskeleton 
[via myosin] to stabilize the synapse. This is followed [about 24h later] by production by the T cell of the 
molecule CTLA-4. This is an inhibitory process to limit cell activation, and is caused by the fact that CTLA-4 
and CD28 are very similar in structure but the former is 20X better at binding B7 molecules. Thus, the 
balance between CD28 and CTLA-4 controls the degree of T cell proliferation, squirting out of IL-2, and so 
on. 
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14. THE GENERATION OF DIVERSITY: THE GENE POOLS THAT ARE USED TO CONSTRUCT THE T 
CELL AND B CELL RECEPTORS. 

The field of immunogenetics has become vast, and so, because these are just introductory notes, we will 
only consider one small, but very important part of it. 

How many different antigens are there? A conservative estimate would probably be in the range of 10^ to 
10®. Okay, so if we imagine that we have to encode for genes for every one of these antigens, we quickly 
find that we would use up the majority of the entire mammalian genome just to do this. And since we 
clearly don't. Mother Nature has found some other way with which to achieve this. 

What Mommy N. has done (or Mummy, if you're from the right hand side of the Big Pond) is to fashion an 
economic and flexible system of genes in which the use of combinations of these genes results in the 
construction of antigen receptors of enormous diversity. 

The genes that are used to achieve this are called Variable, Diversity, and Joining genes, or V, D, and J 
genes for short. There are separate families of V, D, J genes for the T cell receptor, and for the 
immunoglobulin receptor. 

Combinations of V, D, J genes are mixed together to form a peptide that acts as the variable region for the 
receptor, which is then hooked onto the product of a Constant gene to form the whole molecule. 

To consider the T cell ap receptor first. There are about 50 possible alpha chain V genes to select from. 
There are no known D genes. And there are about 50 J genes. Thus, the T cell selects a V gene and a J 
gene and hooks these onto a C gene (actually, there is only one for the a chain). So what we have is 50(V) 
times 50(J), equals 2500 combinations, and hence 2500 three-dimensional shapes (or, if we are going to 
be formal, combinational diversifications) possible for the "variable" region of the a chain. 

Across the street in the p chain genes, there are about 21 V genes, 6 D genes, 12 J genes, and 2 constant 
region genes (at the time of writing). Thus here we have 21 times 6 times 12 possibilities, equals 1512 
possibilities. 

Okay, mathematicians, how many possible "shapes" created by the a chain and p chain together. Quite 
right, 2500 times 1512, equals 3.78 million. 

(Actually, the possibilities are very much higher than this, for various reasons. One reason is because 
where the V and J genes come together there is sometimes nucleotide deletion, or sometimes insertion. 



creating a peptide of an additional new "shape" (where this deletion/insertion takes place is called an N 
region). This junctional diversification can potentially amplify diversity by a factor of as much as a million, 
thus bringing total diversity to about 10^^ possibilities.) 

You have to hand it to whoever dreamed this all up: this is really clever stuff. The T cell repertoire can 
recognize a zillion antigenic shapes, using a genome of only about 140 variable region genes. Impressive. 

Over in the B cell corner, a similar set-up is happening. There are a large family of V genes for the antibody 
molecule, plus C genes that encode for the heavy chain type of the molecule (i.e. C genes for y,|i,s etc). In 
addition there are families of D genes and J genes that substantially increase the potential diversity of the 
overall B cell population specificities. 

So, how does a B cell go about constructing an antibody molecule? Well, if we start with the light chain first, 
we have to select a constant region for either a k chain or aX chain. If we decide on k, then the k Dgenes 
consist of a leader sequence followed by a large number of V genes, and a small number of J genes, and 
then the C-k gene. (Light chain genes don't use D genes). The B cell will select a V gene product, then a J 
gene product, and hook this up onto the constant region gene product to construct the overall sequence for 
this particular light chain. 

To make the heavy chain, the B cell selects from a pool of (heavy chain) V genes, D genes, and J genes. 
This then gets put together with a C gene for the constant region of the heavy chain (C-|i, C-y, etc). 

For the light chain there are at least 200V [most of them for the k chain], and 6J genes, making 1200 
possibilities. For the heavy chain, there are again at least 200V [probably as many as a thousand], about 
15D, and 4J genes, making an absolute minimum of 12,000 combinations. Considering the potential 
number of possible "shapes" in the antigen-binding site between the heavy and light chains, we come up 
with 1200 times 12000, equals 1.44x10^ possibilities at a bare minimum. 

Like the T cell, the B cell uses combinational and junctional diversification to substantially increase its 
repertoire of specificities. However, unlike the T cell, the B cell genes also undergo somatic mutations, 
which increases diversification even further.* As a result we may have as many as 10^® “shapes” covered 
by the B cell pool. 

[* somatic mutations can also occur in T cells, like any cell in the body. Most cells, however, "proof-read" 
their DNA to correct for this. B cells seem to have lost this capacity.] 
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Finally, if you compare the structures of the immunoglobulin molecule, the T cell receptor, and the MHC 
molecules in the previous Chapters, there are clearly a number of very close similarities. Because of this, 
you will see the term supergene families in more advanced textbooks; these families may have arisen by 
gene duplication and mutation from genes for primitive cell surface receptors distinguishing self from 
nonself. 

All this is mediated by recombinase enzymes [RAG-1 and RAG-2]. These initiate recombination by 
cleaving DNA at specific recombination signal sequences, but they also perform additional functions 
including opening DNA hairpins and joining broken DNA ends. RAG gene knockout mice lack both 
functional T and B cells as a result. 


A loose end. 

We should also pause here to mention the yS T cell population. Right now the score seems to be about 6V, 
no D, 3J and 3C for the y chain, and 7V, 2D, 2J, and 1C for the 5 chain. Some quick math shows that this 
multiplies up to about 504 possible "shapes" for the binding site, while some slightly harder math shows 
this to potentially represent only 0.01% of the ap repertoire. As we stated above, right now the y5 
population is poorly understood, so the reason why these cells apparently have such a small repertoire is 
yet to be determined. In fact, the evidence now suggests that these cells have even more diversification in 
TCR construction than seen in the ap family, suggesting that the actual repertoire of the y5 pool may easily 
be in the many millions. 
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15. THYMIC SELECTION 


Having now learned what we need to know about the regulation of T cell recognition by MHC restriction, we 
can now go back to the thymus and try to fill in the many blanks we left before. You will remember that we 
said earlier that the role of the thymus is maturation and selection of T cells. In the context of what we have 
just learned, what does this mean? By maturation, we mean that the thymocyte goes through a series of 
steps in which it begins to express on its surface various receptors, including its receptor [TCP] for antigen 
plus MHC. And by selection, we mean the process by which the specificity of the T cell receptor is closely 
scrutinized, in case it fits too tightly to "self" MHC molecules alone. 

Current evidence suggests that the following events occur: 

By interacting with thymic cells, the thymocyte is rescued from programmed cell death {apoptosis] this word 
refers to cells producing endonucleases that fragment the cell DNA thus croaking it) as a result of 
interaction via its T cell receptor and self MHC on the thymic cells. 

As the thymocyte passes through the thymic cortex it runs into a variety of stromal and epithelial cells. 
These cells, some of which are sometimes called "nurse" cells ('cos they're surrounded by baby T cells!), 
express large amounts of MHC on their surface, and secrete the T cell cytokine IL-2 (this was originally 
called T cell growth factor, so you can guess what it does here). These are actually cortical thymic 
epithelial cells or cTECs. At the same time the thymocytes are undergoing gene rearrangement, so that 
they can select from the gene pools that allow them to construct their T cell receptor. This receptor, plus 
both the CD4 and CDS molecules, get expressed on the thymocyte cell membrane. 

Two things are believed to save the thymocyte from undergoing apoptosis. The first is the interaction 
between the T cell receptor and the thymic MHC. It is believed that cells with a range of affinities, including 
very low affinity, can bind to the thymic MHC molecules and receive the appropriate signal not to undergo 
apoptosis. If they do not, usually because their TCP has virtually no affinity for self-MHC, then they go into 
apoptosis. This is called DEATH BY NEGLECT. 

The events to this point can be regarded as POSITIVE SELECTION; only cells with receptors with any 
degree of affinity to self MHC are saved. 

There is now some evidence that a protein called themis [thymocyte expressed molecule involved in 
selection] might help control all this. It is a highly conserved novel protein that appears to help set the 
signaling theshold for the thymocyte response; it has been seen to become tyrosine phosphorylated just 
seconds after TCP stimulation. 
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Thjmioc3rte that has 
TCR that can bind to 
the MHC/peptide on 
the th5miic cell 
receives signals that 
allows It to survive 


Thymoc5rte with no TCR 
aflSnity, goes into apoptosis 



Having achieved this, the thymus then instigates a process of NEGATIVE SELECTION, to get rid of ceiis 
that bind too weii to seif MHC. 

Where negative seiection takes piace is primariiy at the cortico-meduiiary border, and it is iikeiy that the 
process is mediated by dendritic ceiis (which can express both Ciass i and Ciass ii moiecuies). These ceiis 
are preferentiaiiy found in the inner cortex and the cortico-meduiiary border, and we can assume that the 
thymocyte shouid not be expressing receptors that wiii bind seif MHC directiy or seif MHC pius seif peptide, 
in view of the irascibie and petuiant nature of these macrophages that observe such matters, if these ceiis 
past through to the meduiia they encounter interdigitating ceiis, which may aiso piay a roie in seiection. 

Okay, forgive me, ‘cos i wrote this some time ago. The CM border is probabiy important, but the main 
seietion system in the meduiia is now known to be the meduiiary thymic epitheiiai ceiis, or mTECs. cTECs 
and mTECs differ mainiy in the sorts of antigen processing machinery they possess. 

The cTECs possess a super-duper thymoproteosome system. These super proteosomes contain extra 
proteasome subunits caiied p5t. This is a muiticataiytic protease compiex containing additionai highiy 
active p-type subunits not found in garden variety proteosomes. These p5 cataiytic subunits produce 
peptides that have carboxyi termini hydrophobic residues...reaiiy reaiiy good at binding Ciass-i moiecuies. 
This heips expiain the abiiity of the cTECs is to generate a strong CDS ceii repertoire. 
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Medullary thymic epithelial cells and medullary dendritic macrophages help negatively select potentially 
autoreactive T cells because of their promiscuous gene expression of self antigens. We used to think of the 
DCs in thymus as tissue-specific, but new data shows they are migrating into the thymus from all over the 
body, bringing self peptides with them. Another source of self antigens is via autophagy of host cells; this 
allows presentation of intracellular peptides....nucleus, organelles, cytoplasmic proteins, membrane 
proteins, etc. 

I should also note that some think mTECs are a sort of antigen reservoir, not just mediating negative 
selection but also cross-priming local DCs so that they can present self proteins as well to thymocytes 
[“antigen handoff”]. 

But perhaps the most important aspect of mTECs is their expression of the ‘autoimmune regulator gene” or 
AIRE, a transcriptional regulator discovered in 1997 that drives ectopic expression of tissue-specific 
proteins. This really put to bed once and for all as to how the thymus can select out so many T cells and 
and prevent organ-specific autoimmunity. The Aire protein is associated with the nucleus of mature mTECs 
[CD80-I- Class-ll*^'] where it seems to influence the chromatin remodeling process. Humans that lack this 
gene develop Autoimmune Polyendocrinopathy syndrome [multiple organ autoimmune destruction], and it 
is known that a mouse strain that gets spontaneous autoimmunity [NZB mouse] has low Aire activity. 

What Aire actually does is that it directs presentation of thousands of host gene products, and preferentially 
promotes the expression of genes with highly restricted tissue expression [such as insulin] that won’t easily 
get grabbed by thymic MHC otherwise. Recently, Aire was found in the spleen and lymphoid tissues as 
well, indicating a role in peripheral tolerance as well [in fact, the lymph node stroma might contain cells that 
are very similar to mTECs]. 

How Aire actually works has not been completely figured out. Direct DNA binding has been considered, but 
perhaps more likely right now is opening of the chromatin to allow transcription of genes that would be 
repressed otherwise. The N-terminus of Aire is a caspase recruitment domain that seems to allow Aire 
proteins to dimerize, and might also allow binding or co-localization of transcription factors such as the 
cyclic-AMP response element binding protein [CBP]. Aire also contains a SAND domain, and two plant 
homeodomain fingers, allowing recognition of histones. Aire also has four LXXLL motifs important for 
protein-protein binding. 
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Getting back to negative selection 



In the figure shown above the thymocyte on the left binds to self peptide well, and the binding is improved 
further by engagement of the CD4 to the dendritic cell MHC molecule; this thymocytes is destroyed 
immediately because it poses a risk of seeing host proteins once it leaves the thymus. The cell in the 
center binds self peptide poorly, and even if anchored by CD4 as above this cell is unlikely to be activated. 
This cell is permitted to leave the thymus and becomes a CD4 cell. The cell on the right, similarly, does a 
poor job of binding the peptide despite CDS anchoring and leaves the thymus as a CDS T cell. 

In summary therefore, the current viewpoint is that thymic selection consists of two processes directly 
related to the affinity of the T cell receptor for self MHC. In the first step, cells with any affinity for self MHC 
are selected, and then in a second stage those whose affinity for self MHC directly or self MHC plus host 
peptides) is too strong are eliminated. Thus at the end of all of this you end up with cells that are of low 
affinity for self MHC, and hence need to see that something extra (antigen peptide) stuffed into the MHC 
cleft before their receptor is triggered. Thus, it appears that if the thymocyte can satisfy all these criteria, 
and it appears that only about 5% of thymocytes actually do, then it is now free to enter the circulation and 
begin its life as a fully functional T cell. 

I also handwaived/tapdanced through the bit on positive selection because I said almost nothing about the 
peptide in the MHC cleft at this point. As we discussed, some amino acids in the peptide serve as 
“anchors” to the MHC molecule, whereas others dangle outwards as true TCR recognizing epitopes. Some 
clever studies by Sevan and pals showed a clear distinction between positive selection signals and signals 
transmitted through TCR engagement that would otherwise activate the cell at that point and make it divide, 
The peptides in the cleft, these guys demonstrated, play a role in this [in thymic cell culture models] and it 
seems depending on their abundance, or perhaps just exactly how they are being presented, can promote 

134 




either positive selection, negative selection, or T cell activation. Much of the nuances of this still remain 
unexplained. 

Despite all of this, some self-reactive T cells do make it into the periphery, because the peptides they 
recognize aren’t presented in the thymus. If the T cell then runs into this peptide presented by a regular 
tissue cell, it becomes deleted or tolerized because it does not receive the co-signals that professional 
presenting cells can provide. This appears to be a back-up fail-safe peripheral tolerizing mechanism to 
prevent autoimmunity. 

How does a Tcell know It wants to become a Tcell? Notch one up.... 

This has been an enigma for a long time, but at last the mists are rising. Turns out T or B commitment 
begins in the bone marrow and then thymus, and is dependent on the progenitor cell expressing a group of 
transmembrane receptors called “Notch”. The Notch family has four members, and five ligands. Expression 
of Notch says you wanna be T, lack says B. The ligands for Notch, called Jagged and Delta-like, are on 
thymus epithelial cells; when these interact with precursor cells coming in via the cortico-medullary junction, 
the cell is now irrevocably commited to the T cell lineage. Notch can also be down-regulated by another 
protein, Lunatic Fringe [I’m serious, they called it that...!]. In this spirit of things, these guys made a Notch 
gene knockout mice; and the thymus filled up with B cells instead of T cells. 

More recently, it has been noticed that if the Lunatic Fringe gene is turned off double-positive TCR 
thymocytes become single-positive, thus explaning this downstream event. 

There is now some evidence Notch drives T cell differentiation to some degree, but as yet this is not really 
clear. What we do know is that when Notch and a ligand come together this triggers production of a “Notch 
intracellular domain”, cleaved from the membrane by mettaloproteases, that then translocates into the 
nucleus. There it displaces a co-repressor complex, allowing various gene expression. These incude 
STATs and cytokines, hence the suspicion above. 

Just to complicate things further. Notch turns up in B cell development [as well as the avian Bursa]. What it 
is doing there is unknown, although very recent data suggests that Notch expression is balanced by 
another factor, Deltex-1, which allows B cell development to go forward. 

Are B cells selected as well? 

The answer to this seems to be “yes”, in that there is now evidence that immature self-reactive B cells are 
actively deleted in the bone marrow. Even if they make it to the periphery, they won’t [normally] work, 
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because of the lack of autoreactive T cells seeing the same antigens [remember, they have to co-operate 
together.] 

Although most of the emphasis has been on T cell development in the thymus, now quite a lot of 
information has accumulated regarding B cells. In the bone marrow the earliest cells express cKIT, low 
amounts of CD27, and [like thymocytes] receptors for the cytokine IL-7. These then become pre-proB cells 
by adding the B cell marker B220 to the above, and then proB cells by increasing CD27 and also 
expressing CD19 [part of their complement receptor complex]. This is controlled by several transcription 
factor pathways of which Pax5/BSAP is critical. 


Pity the (elderly) immunologist. 

If you began to study immunology in the late 1960's, when everything was really starting to break loose, life 
was uncomplicated: T cells saw antigen. Then in the mid-1970's life took a more complicated turn: T cells 
don't see antigen, they see a combination of antigen and self MHC. 

And what does our now fairly decent knowledge of the thymus tell us? It tells us, if anything, that T cells 
aren't really that interested in antigen at all, but instead are preoccupied with the MHC. 

One way to look at this is to take a deep breath and to imagine that T cells are not bothered about 
"conventional" antigens, bacteria, viruses, snake venom, etc, at all. We can imagine (as cleverer people 
have done before us) that the purpose of the various genes that encode the T cell receptor are actually 
primarily encoded against the MHC molecules (of the particular species). 

As described above, current wisdom suggests that the finished receptors have a range of affinities for self 
MHC molecules. Following positive selection in the thymus, those with high affinity would bind tightly, 
gaining as their reward the old sharp knife in the ribs. Some of those with only low affinity would survive, 
and in fact would be very welcome, because of the possibility that if you were to slip an antigen peptide into 
the MHC molecule, then now you would have a tight fit. 

If all this is correct, it implies that the evolution of the T cell response has been tightly restricted by its 
preoccupation with MHC molecules, and that the fact that we have T cells that can actually recognize 
"conventional" antigens is pure chance. Scary! 


more about the thymus 
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Reduced to its simplest common denominator, thymocyte selection in the thymus is determined by the 
TCR—MHC interaction. Not enough interaction, and the thymocyte goes into apoptosis...’’death by 
neglect”. If there is enough, i.e. weak TCR signal, then the thymocyte goes into the process of “positive 
selection”. If the interaction is too good, then the cell is actively deleted, again through 
apoptosis...’’negative selection”. What constitutes “enough” versus “too much” is still unclear, but almost 
certainly has something to do with affinity. The end result/purpose of all of this is clonal expansion in the 
periphery of useful T cells that can respond to pathogens but tolerate self-antigens. 

Most of this all takes place during fetal development and the first few years of life. After that point the 
thymus involutes and fills up with fat cells. It is still functional at a low level however, probably serving to 
“top up” T cell numbers. 

A thymus section is easy to spot under the microscope [if you ever get it as a quiz]. It is lobular, with each 
lobe having a densely staining outer cortex, and a less dense inner medulla. The cortex is packed with 
immature thymocytes, branched sinewy cortical epithelial cells, and macrophages [the latter here probably 
to clear away all the apoptotic cells]. The medulla contains mature thymocytes, medullary epithelial cells, 
and lots of dendritic cells. Also in the medulla are large bright red/pink staining structures called Hassall’s 
corpuscles [the dead give away in a histology test]. 

Cells destined to become thymocytes arise in the bone marrow. A neat experiment to show this is to take 
mice that cannot make lymphocytes due to a genetic defect [scid mice] and give them bone marrow cells. 
These go through the mouse thymus and the periphery starts to fill up with T cells. Conversely, nude mice, 
which you will remember lack a thymus, can be given a thymus graft and soon after the mouse develops 
mature T cells. 

As thymocytes mature in the thymus they undergo a series of phenotypic changes. Maturation is a process 
involving a complex homeostatic regulatory system controlled by multiple signals, including a major role 
being played by the cytokine IL-7 which helps drive the overall process. At any point, the thymocytes risks 
elimination if it fails to reach each developmental/maturation milestone. 

The “earliest” population are thymic lymphoid progenitor cells continuously seeding from hemopoietic stem 
cells. It has not at this point selected a T cell lineage [via Notch; if this cell is injected into an adult mouse it 
can easily become a B cell instead] or T cell type [ap or yS]. It expresses high amounts of CD44 [probably 
to help it move into and through the thymus], CD117, IL-7 receptor, and another marker called heat stable 
antigen. It makes up about 4% of the total cells in the fetal thymus. 
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The next stage, reached after about 24 hours of being in the thymus, is called the “pro-T cell”. This cell 
expresses CD44, CD25 [receptor for IL-2], and CD117. Expression of these is controlled by exposure to IL- 
1 and TNF, and this also switches on NFkB, NF-AT, AP-1 gene regulatory proteins. There is substantial 
proliferation of this cell type, driven by IL-7. The cell is now commited to the T cell lineage [it has run into 
Notch] but it has not yet started to rearrange its TCR genes. 

Now it has reached the “early pre-T cell” stage. It drops CD44 and CD117, and sticks up tons of CD25. It is 
the largest population of thymocytes not yet expressing CDS, 4, 8, comprising about 60% of these cells. It 
ceases proliferation, and begins to rearrange its p chain genes [not a yet]. If this rearrangement is 
unproductive, the cell dies [this happens in about 70% of these cells]. If not, signaling involving Ick [a 
protein tyrosine kinase] turns on the pre-Ta gene [which is not a TCR a chain gene, by the way]. Cells stay 
in this stage about 2-3 days. 

When p chain rearrangement has been completed the cell enters the “late pre-T cell” stage. The cell brings 
together [by disulfide bonding] the p chain and the pre-Ta gene product [a 33kDa non-polymorphic 
glycoprotein] to form a surface receptor. This seems to serve as a maturation signal that then allows the 
cell to put up CD4 and CDS...what we call a “double positive” thymocyte. 

The thymocyte is now in the “pre-TCR selective signal” phase. TCR a chain rearrangement now begins 
and this then replaces the pre-Ta chain. Now if we look at the surface, it has a proper TCR, CD4, and CDS. 

The complexity of this process is further seen by studying various gene mutations. A mutation in Ikaros, a 
zinc finger DNA-binding transactivator of lymphoid genes, results in a total shut-down of all lymphoid 
development. As you might guess, disruption of the IL-7 or IL-7R genes stops everything at the thymic 
lymphoid progenitor stage. Thymus development itself fails if there are mutations in the “winged helix 
family” of protein transcription factors [this is in fact what happened in the nude mouse]. Mutations in 
recombinase prevents gene rearrangements [which is why RAG knockout mice have no T or B cells]. 

As we discussed above, once the TCR is built it can interact with MHC in positive selection. It is clear that 
only a very loose fit is sufficient to save the cell from apoptosis; in fact, this is demonstrated by studies 
showing that a single MHC/peptide can positively select large numbers of thymocytes, and cells with a 
single TCR can be selected by MHC molecules holding several different peptides. 

The peptides are of course of host origin [where else?...you’re a fetus after all]. Using membrane 
preconcentration capillary electrophoresis and tandem mass spectroscopy [which I would explain if I had 
the slightest clue what this is].. .anyway, the bottom line is you flush the peptide out of the MHC molecule 
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and sequence it....multiple peptides of host origin were found in mice that were TCR transgenic for 
ovalbumin protein; these had obviously positively selected thymocytes despite the fact most bore little 
resemblence to any peptide sequence present in ovalbumin. 

As we saw above, CD4+8+ thymocytes drop one of these molecules after interacting with MHC. Those that 
bind to MHC Class-ll, engaging the CD4, keep this and drop CDS. And vice versa if the cell binds Class-1. 
There are currently two models to explain this. In the “instruction model”, engagement doesn’t dictate 
lineage. If, say, the 4-i-8-r cell binds Class-l/peptide, if it then choses CDS it matures, but if it choses CD4, it 
is triggered to die. In the “stochastic model” the cell sort of half commits and is 4'^'8'° or 4'°8'^' [there is flow 
cytometric evidence for this]. On seeing MHC it down-regulates one of these molecules, but if it picks the 
wrong one it can no longer bind to the MHC, and it croaks. 

Once the cell has decided on CD4 versus CDS, it gets locked in. This is controlled by the Src tyrosine 
kinase signaling molecule Lck. This promotes phosphorylation of the ITAM system in the tail of CDS, which 
then activates Zap-70, in turn promoting further T cell differentiation. 

Negative selection takes place mostly in the medulla and cortico-medullary border. The thymus does its 
best to present as many host peptides as possible, and some are in relatively high concentrations. In these 
cases there is complete deletion of reactive T cells. Other peptides that are present in lower concentrations 
may not get all the reactive T cells and these may get into the circulation, where they can be deleted by 
what are called extra-thymic tolerance mechanisms [even though they are “real T cells” they are still initially 
sensitive to deletion]. One example would be a T cell that sees self-peptides presented by tissue cells; but 
these cells don’t however possess the necessary co-stimulatory factors [like B7] and this causes energy or 
deletion of the T cell. Another possibility, recently observed, is that they may be actively deleted by 
bacterial or viral superantigens. One example of this mechanism is a tumor virus (MTV) which actively 
causes the disappearance of T cells bearing a certain Vp usage from the circulation (directly suggesting 
that they are killed by the interaction). 


Has the hedgehog frizzled your wnt? One of the key signaling pathways recently found in pro-T cells 
moving through thymic selection is controlled by the Wnt family of factors that influence cell growth. These 
factors are secreted [by the thymic cell?] and bind a surface receptor called Frizzled. This drives a 
signaling pathway mediated by a transcription factor called Disheveled, which controls the proteins 
glycogen synthase kinase and catenin. In the nucleus this catenin switches on transcription factors for T 
cell growth which are otherwise inactivated by a factor called Groucho. And that’s enough of these silly 
names. 
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Some updates... The molecular basis of death by neglect is low expression of the anti-apoptosis factor Bcl- 
2. If this is increased [by molecular trickery] the thymocytes don’t die. Also, we mentioned CCR7 above in 
the context of up-expresion by dendritic cells trying to find their way to the local lymph node. New evidence 
now suggests that CCR7 helps T cells find their way out of the thymus after maturing from thymocytes. 

And.. .well.. .we bent the truth a bit describing the “passage” of thymocytes through the thymus as a whole. 

It just made it easier to explain positive and then negative selection. In reality most thymocytes probably 
start in the medulla, then move to the outer cortex, then back to the medulla after full expression of their 
TCR. Another chemokine receptor, CXCR4 helps guide progenitor thymocytes to the cortex. 
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16. REGULATION OF THE ANTIBODY RESPONSE. 


Over 40 years ago, Sir Macfarlane [Bruce] Burnet, the great Ausryyyyiian Immunologist, proposed a theory, 
the Clonal Selection Theory, to explain the mechanics of the antibody response. With only some minor 
qualifications and revisions, this theory continues to stand the test of time. 

What Burnet proposed was that we possess a large population of pre-committed B cells, all sitting around 
(at least for a couple of weeks or so) awaiting antigen to show up. Imagine each B cell awaiting a particular 
antigen. A, B, C, etc. 

Along comes antigen C. It binds to the antibody receptor molecule on the surface of the B cell, triggering 
the B cell to undergo the various steps needed before the antigen is re-expressed along with a (Class II) 
MHC molecule. (This is the "Selection" bit of the theory). 

Once given the go-ahead by CD4 T cells, the B cell proliferates (clonally expands), differentiates into a 
plasma cell, and begins secreting large amounts of IgM antibody. Some of these plasma cells will leave 
into the bloodstream, where they will continue to secrete antibody, whilst others sometimes turn up in 
peripheral tissues. 



A bunch of naive B cells floating about in a lymph 
node. Each has an antibody receptor on its surface, 
and each cell/receptor has a separate specificity. 
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Some antigen drains down the lymphatic and into the 
lymph node. Only one B cell has an antibody receptor 
soecific for this oarticular antioen. 



proliferation, forming a cell aggregate [follicle], all of 
which are pumping out the specific antibody. As you 
can see, the antigen in a sense “selected” the B cell, 
causing it to clonally expand...geddit? 


142 



This "re-distribution" process is particularly important for the memory B cell, because it results in the 
seeding of these cells in lymphoid and other tissues throughout the body in case the antigen shows up 
anew. 

At some point later, as if hearing the previous sentence, antigen C enters the system once again. It runs 
into some of the memory B cells, which undergo the same process as before. (But now, because we've 
started off with more cells to begin with, the total antibody produced is much higher. Also, it is produced 
more quickly, because the memory B cell is all primed up ready to go.) 

The only change is that the memory B cell has undergone a process called isotype switching, in readiness 
for its next encounter with antigen. What this means is that instead of secreting IgM again, it switches to 
another isotype, usually IgG, but sometimes IgA or IgE. 

This is not as hard as it sounds. All the B cell does is undergo gene rearrangement in which it switches its 
heavy chain/constant region gene from mu to something else, whilst keeping all the rest of its genes (V, D, 
J, light chain constant region, etc,) unchanged. Isotype switching is controlled by “switch signals”, repetitive 
sequences of DNA that occur before each heavy chain gene. Which particular heavy chain is chosen 
depends upon the combination of cytokine signals [see below] that the cell actually receives. 
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Because IgM to IgG is the most popular switch, you can see why the primary antibody response is IgM (by 
definition), and the secondary response is dominated by IgG. If we graph log antibody concentration versus 
time after injecting a given antigen, and then giving the same antigen a bit later, the curve looks a bit like 
this.... 


c 



Time 


Actually, this is not...er...true. In reality, antigens are not that easy to finish off, and so switching to IgG 
actually often occurs during the primary response. The textbooks have better figures explaining this. I’m 
just trying to emphasize the relative size and kinetics.... 

The holy trinity revisited. 

We talked earlier about how an antibody response arises after a macrophage (antigen-presenting cell), a T 
cell, and a B cell get together, and the T cell receptor binds to self Class II MHC plus antigen on each of 
the others. This can be considered Step One in the regulation of the antibody response; Step Two consists 
of various signals flying back and forth between these cells, cumulating in the B cell setting sail to secrete 
specific antibody. 

These signals are: 


[i] interactions between co-stimulatory molecules on each cell type that bind together to maximize cell-to- 
cell contact and subsequent triggering 
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[ii] a large family of soluble proteins that transmit signals back and forth between cells; i.e. cytokines and 
chemokines 


Co-stimulatory molecules. 

These molecules are found on the surface of professional antigen-presenting cells. T cells must bind both 
Ag-i-MHC plus these molecules before it can be triggered to divide and secrete cytokines. A similar 
interaction is believed to occur between the T cell and the B cell waiting to secrete antibody. 

The most important interaction takes place between the CD28 molecule on the T cell, a homodimeric Ig- 
like molecule 44kDa in size, and B7 [CD80], a larger but similar 60kDa dimeric molecule on the surface of 
macrophages and activated B cells. As the T cell becomes further activated, it expresses a molecule 
CTLA-4, which also binds B7, enhancing cell contact further. We now know that there are two B7 
molecules, now designated B7-1 and B7-2. B7-1 binds CD28 and B7-2 binds CTLA-4. The first is a critical 
on-switch, while the second terminates or attenuates T cell activation [i.e. a sort of fail-safe device]. 

An another important interaction occurs between B cells and dendritic macrophages [the best antigen- 
presenters], in that binding of the macrophage CD23 molecule to a complex of three molecules on the B 
cell, CD19, TAPA-1, and CR2, appears to trigger the B cell even in the presence of only small amounts of 
specific antigen. 

Between the T cell and B cell, in addition to TCR: Ag/MHC interaction, a ligand on the T cell binds to the 
CD40 molecule on the B cell, triggering the T cell to secrete IL-4, presumably persuading at least some to 
isotype switch and become memory B cells. 

Once the receptors on T and B cells are triggered, the biochemical pathways switched on in the cells are 
quite similar, and involve kinase pathways that activate phospholipase activity. This splits phosphatidyl 
inositol into inositol tri-phosphate and diacylglycerol. These molecules then activate enzymes that control 
calcium flux, and a further series of kinases. This triggers the production of DNA binding proteins: in the T 
cell this switches on proliferation, differentiation, and cytokine secretion, and in the B cell it results in gene 
transcription and secretion of lots of specific antibodies. 


Update.... Some recent work has provided new data as to how B cells prepare to turn into plasma cells and 
make antibodies. At face value to do this involves a massive development of secretory organelles, and it 
appears that the cell does this in a multistep process. After receiving the go signal from the CD4 cell, the B 
cell very rapidly increases production of mitochondrial and cytosolic chaperonin proteins, so it can sustain 
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energy and protein production. The ER becomes highly active as one would expect, and enzymes involved 
in glycolysis increase dramatically to provide an energy source. This increases the oxidative capacity of the 
cell so to ensure redox balance proteins controlling this are produced. This buffers against oxidative stress 
but also helps in IgM polymerization. A second wave of protein synthesis then ensues, including ornithine 
aminotransferase and phosphoglycerate dehydrogenase, so as to facilitate amino acid synthesis 
[particularly serine]. Only when the cell has developed the metabolic capacity and secretory machinery to 
accommodate antibody production does IgM production then get going. 
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Memory immunity. 


Long lived T cells, and B cells that have isotype switched away from making IgM, are both types of memory 
lymphocytes. In essence, memory immunity reflects the fact that effector responses to primary 
immunization is slower and less effective than that observed after reimmunization. This applies both to T 
and B cells responses, and it is important to understand if for no other reason than it underlies the basis of 
vaccinology, in which the purpose is to establish a long lived state of memory immunity. 

B cell memory lasts about 10 years, whereas the lifespan of memory T cells is unknown, and could be an 
entire lifespan. Memory seems to have two components: [a] quantitative, reflecting the expansion of 
antigen-specific cells, and [b] qualitative, involving measurable changes in cell activation properties, 
changes in effector activity such as cytokine secretion, alterations in the expression of adhesion molecules 
and other cell surface molecules. 

Mature naive T cells have no response to recall antigens, and little or no ability to produce cytokines. 

Strong signals from co-stimulatory molecules are needed after TCR engagement in order to activate the 
cell. Such cells tend to be localized in lymphoid tissues, where they are poorly susceptible to apoptotic 
signals. Phenotypically, they express the high molecular weight isoforms of CD45, high expression of 
CD62L for lymphoid tissue homing, and low expression of adhesion molecules. 

In contrast, memory T cells have a rapid response to recall antigens, efficiently produce effector cytokines, 
use a low molecular form of CD45, have high amounts of stickles and low CD62L, and are well equipped to 
enter tissue sites of inflammation. 

Where memory T cells come from is less clear. We think CD4 T cells get locked into a TH1 or TH2 
phenotype after exposure to IL-12 versus IL-13/IL-4, but whether a TH1 memory cell can arise from a TH2 
effector is unknown [my guess is that it cannot]. Similarly, does a memory cell arise out of a few cells within 
the effector population, or does it arise completely independently as a separate lineage? It was once 
thought that memory cells were terminal cells, but newer evidence suggests that at least some can revert 
back to an effector type of cell. 

In fact, we still lack a lot of information. The lifespan and degree of turnover [periodic clonal expansion] of 
memory T cells is unknown, as is the question as to whether such cells need periodically to see antigen to 
keep them alive [the answer was “yes” from 1980 to 1995, but lately the “no” school is taking over [shown 
by parking memory T cells in MHC deficient recipients for long periods of time then coming back and 
showing the cells still respond like memory cells]]. Turnover may maintain the memory T cell pool, but it 
also may result in some loss of cells, and repeated stimulation could theorectically deplete the memory T 
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cell pool. There is recent evidence that the memory T cell pool is regulated and is expanded or depleted to 
fill a “niche” of cells in the body. Because we make lots of them, when we get old most of our T cells are of 
the memory phenotype. 

[Studies by Walford.. .the mad guy who went into the stupid Biosphere.. .in the 70’s showed that T cells 
from old people fail to respond to mitogenic stimulation, which he attributed to loss of immune function. In 
fact, it was simply because memory T cells don’t respond to mitogens at all]. [See just below for discussion 
of mitogens]. 

Memory CDS T cells are CD44'^' and CD62L'° [they are no longer interested in going through lymph nodes 
so they down-regulate this. They tend to turnover or cycle, which is a non-specific event driven by 
macrophages releasing IFNap and IL-15, the latter of which is directly responsible for CDS memory T cell 
division. The story for CD4 cells is far less clear, maybe IL-12? 

Memory T cells are very good at entering inflammatory sites, using their adhesion/integrin molecules and 
putting up lots of chemokine receptors. Recent studies have proposed that there are two subsets of 
memory cells based upon CCR7 expression. Those that are CCR7+ [“central memory cells”] tend to 
continue to visit lymph nodes, stimulate dendritic cells to make IL-12, secrete large amounts of IL-2, 
express CCR4 and CCR6, and may be the precursor to CCR7-negative cells. The latter [“effector memory 
cells”] are those that express molecules for rapid efflux into inflammatory sites [LFA-1, VLA-4], and which 
are equipped for effector function [cytokines, perforin, etc]. In addition, they express CCR1, CCR3, and 
CCR5. 

This idea has its critics, but it suggests rather nicely that there is a division of labor in the memory T cell 
pool, with T-EM representing a pool able to be immediately be recruited to sites of infection, whereas the T- 
CM can be regarded as a pool that stays in the lymph nodes and stimulates DCs to make IL-12, and tells B 
cells to make antibodies. 


B-1 B cells. 

Even unimmunized animals have tons of antibodies. These are referred to as “natural antibody” and are 
mostly of the IgM type. It is thought that the stimulus for this production is recognition of antigens 
expressed by the gut flora. 

The source of these antibodies is the B-1 B cell, which can be distinguished from regular B cells by 
expression of the marker CDS. It seems to be a rather primitive cell, with only a small V gene repertoire. 
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and can only be found in the peritoneum and in the pleura of the lungs. At the moment there is an ongoing 
debate as to whether B-1 cells are a distinct lineage or just a spin-off of regular B cells exposed to certain 
signaling conditions. 


Immunological tolerance 

Although we now a lot about how the antibody response is regulated, there is still one aspect, the induction 
of immunological tolerance, which still remains relatively poorly explained. This area is based upon the 
observation that under certain conditions exposure to antigen freezes or jams the antibody response, 
preventing it from responding. 

There are several ways in which this can be done; each possibly for different reasons. For example, 
tolerance can be induced more readily in young animals, or following sublethal irradiation. If the antigen is 
in a deaggregated form, or given repeatedly in a very low or very high dose, tolerance also usually occurs. 

Under this latter condition it has been shown that low dose tolerance affects T cells, and that high dose 
tolerance involves B cells as well. 

Tolerance mechanisms have long had a certain number of immunologists salivating profusely. Others of us, 
however, are less moved. Perhaps one way to look at the overall question is to reiterate what we just 
learned above; namely that the antibody response seems to be finely tuned in terms of regulation by T cell 
recognition and cytokine pathways, and that anything that screws this up is going to result in a poor 
immune response, or the complete lack of one. For instance, it can be argued that irradiation is not a nice 
thing to do, and that you don't need a degree in rocket science to come to the conclusion that the immune 
system isn't too likely to be perfectly fine immediately afterwards. Also, it is well known that deaggregated 
proteins (i.e. soluble) aren't well picked up and processed by macrophages, and hence you shouldn’t be 
expecting a good antibody response. As for low dose tolerance, it may be triggering T cells okay, but the 
dose of antigen may be poorly immunogenic for B cells, hence again no antibody. 

As for high dose tolerance, explanations for this mechanism led to much greater consequences. In a 
famous experiment by Gershon and his technician Kondo about forty years ago, it was demonstrated that 
tolerance induced by high doses of antigen could be adoptively transferred to other mice by T lymphocytes. 
This unleashed the floodgates of the suppressor T cell hypothesis] for a long period of time (most of the 
70's) anytime an experiment didn't work, or didn't respond as well as the investigator wanted, the 
suppressor T cell was invoked as the culprit. Vast regulatory networks were conjured up, consisting of 
suppressors, suppressor-inducers, contrasuppressors, Nicaraguan contras, etc, all based on mystical l-J 
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restricted T cells [the l-J region in the H-2 mystically controlled Ts. I say mystical, because it does not exist]. 
In the field of contact hypersensitivity, the whole thing got completely out of hand, with second and third 
order suppressor networks. Now, with the passage of time, most of these phenomena have been 
completely discounted. 

[And not just the passage of time.Many believe that Gershon controlled the main immunology NIH grant 

review committees, and if you were a non-believer in suppressor T cells you just didn’t get funded. I heard 
him speak in London and afterwards there was a fancy dinner. I noticed he smoked cigarettes between 
each course. A few years later he was dead from lung cancer, as was his favorite T cell]. 

In a sense he was right, sort of. Now, in 2008, we know about a subset of CD4 cells [i.e. not CDS as he 
believed] that can indeed depress immune responses. These are called regulatory T cells, and we’ll talk 
more about them below. 

There are other mechanisms as well for keeping T cells in control, such as inducing them to go into 
apoptosis. A major cell marker known to be involved in this is Fas [CD95] and its ligand [CD154]. The Fas 
molecule is expressed by activated, dividing T cells and binding by other T cells expressing Fas-ligand 
[most often CDS cells] can induce apoptosis in these cells. This seems to be a way of preventing T cells 
from dividing completely out of control, and this idea is further supported by evidence that mice with 
lymphoproliferative diseases have mutations/defects in Fas [/pr mutation] or in Fas-ligand [p/d mutation 
mice]. 

Another loose end...mitogens. 

Throughout this text, we have tried to frame the immune response, including the antibody response, in the 
context of reactions to specific antigens. However, here we will digress just long enough to mention lectins, 
a group of materials that, as a result of pure coincidence, or as part of an unimaginably devious plan by 
creatures from another planet, react nonspecifically with certain lymphocytes, causing them to behave as if 
they had seen their specific target antigen.* 

[*devotees of the Hitch-hikers Guide to the Galaxy books will remember the story about the psychologists 
who were doing maze experiments on a bunch of mice. As it turned out, the mice were merely extensions 
into this galaxy of vast pan-dimensional beings who were actually performing unimaginably subtle 
experiments on the psychologists.] 

Lectins are a large group of proteins, most of which are extracted from plants. Many of them agglutinate 
blood cells, but some of them are more specific, binding only to T cells, B cells, or both. 
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Lectins usually bind to sugar molecules, such as galactose, fucose, or mannose residues on the cell 
surface. Those who bind to lymphocytes induce up to 60% of them nonspecifically to differentiate and 
divide (i.e., are "blastogenic" or "mitogenic"). The most widely used "mitogens" are concanavalin A (from 
the jack bean Canavalia ensiformis), usually called ConA, phytohemagglutinin (PHA) from the kidney bean, 
and pokeweed mitogen (PWM) from the pokeweed Phytolacca americana. 

PHA and ConA are both specific mitogens for T cells, and hence in the early days of clinical immunology 
were used as indicators of general T cell responsiveness. PWM was also used clinically, although it is now 
known to consist of a group of proteins, one of which is mitogenic for both T cells and B cells. 

The most widely used mitogenic compound specifically for B cells is bacterial lipopolysaccharide (LPS). 
This unpleasant material causes B cells to divide and to secrete antibody. Experimentally, this approach 
has proved useful as follows: B cells cultured with LPS for a few days begin to isotype switch, and so by 
adding certain cytokines such as IL-4 and IL-5 to the culture the role of these cytokines in regulating the 
switching process was first determined. 
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17. THE TH1...TH2 PARADIGM FOR CD4 T CELLS. 


Even after T cells had been divided into two primary populations on the basis of whether they expressed 
CD4 or CDS, that still left the CD4 guys plenty to do. The question thus arose....are these cells 
supermen.. .supercells.. .or was there more to it. 

There was more to it. About twenty years ago the work of two American immunologists, Tim Mosmann and 
Robert Coffman suggested that CD4 “helper” cells came in two flavors. They found this out by generating a 
large number of helper T cell clones that were reactive to a couple of common blue-collar pet antigens. 

This in itself was not remarkable. However, what they also achieved was a very sophisticated series of 
cytokine assays that enabled them to determine exactly which types of cytokines each cloned line secreted 
when it was cultured with its antigen. 

What they found was that the secreted cytokines seemed to fall into two discrete patterns. In one pattern, 
there was lots of IL-2 and gamma interferon, but little else, whilst in the other IL-4 and IL-5 seemed to 
predominate. 

As a result of these observations they suggested that there are two helper T cell populations, which they 
designated TH1 and TH2. The type 1 cell can be imagined as having response amplification as its primary 
role (IL-2 to promote T cell division, gamma interferon to promote more Class II expression, etc). On the 
other hand, the type 2 cell seems primarily interested in promoting B cell division and isotype selection 
through IL-4 and IL-5 secretion. 

This idea has stood the test of time, although we now know that true TH1 and TH2 cells are probably the 
two ends of a spectrum of responses [you can find T cell clones that make both IFNy and IL-4 if you look 
hard enough for example]. 

The TH1/TH2 “paradigm” helps us answer a multitude of questions, regardless of how solid the actual 
central theory is. Most importantly, it shows us that the two main types of immunity, cellular and humoral, 
are controlled by two primary subsets within the CD4 pool. Accordingly, we can add the TH2 cell into our 
diagram of the the Holy Trinity. This is no longer a Trinity, so how about.the Gang of Four.* 

[*For those of you not old enough to remember 20**^ century Chinese history these are named after 
Chairman Mao Zedong's wife Jiang Qing and three cronies who engaged in a bitter power struggle with 
subsequent leader Deng after Mao's death in 1976, only to end up in the slammer. As you might remember, 
Deng was at the fore-front of the continuing People's glorious and heroic revolution against the forces of 
cowardly reactionary bourgeois paper-tiger capitalist puppet counter-revolutionary gangster hegemonist 
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running dogs. Deng's heroicism even extended thirty years ago to filling up Tiananmen Square with some 
his best and brightest young people, and then shooting them. They got the blood cleaned up for the 2008 
Olympics. 


If you answered that the Gang of Four was a better than average 80's punk band, or an old CNN TV show, 
you are also correct.] 

Basis of the TH1 response. 



CDl ToU-2 



Strong 

^ commitment to 
THl phenotype 


In this figure a macrophage has engulfed some TB bacteria, and is presenting peptide antigen to a CD4 T 
cell. The simple presence of bacteria in the cell phagosome may be enough to stimulate the cell to produce 
IL-12 [this isn’t clear as yet], but this event is enhanced by binding of mycobacterial lipids to CD1, and 
lipoproteins by Toll receptor 2 on the macrophage surface. The Toll binding is sufficient by itself to signal 
the cell to make IL-12, whereas recognition of CDl/lipid by NK or NKT cells [or perhaps regular T cells] 
induces these to produce IFNy. This can be regarded as an “innate source of IFNy”, but it is sufficient to 
induce the macrophage to make even more IL-12. 

The IL-12 binds to receptors on the CD4 cell. It is not really clear if this event commits the cell to become a 
THl cell, or if it was heading that way already [books talk about THO to THl commitment]. Regardless, the 
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soaking in IL-12 drives the cell to secrete IFNy in large amounts, which feeds back to the macrophage, 
activating it to make superoxide, NO, reduce the phagosomal pH, and so on. 

What I’ve left out for clarity is the cytokine soup this is all taking place within. The macrophage is pumping 
out pro-inflammatory and growth factor type cytokines from minute one. The T cell will be secreting IL-2 in 
response to IL-1 coming from the macrophage. Huge numbers of chemokines are being produced by both 
cells to recruit in other T cells and suck in large numbers of monocytes from the blood. These, and 
particularly TNF, are telling the local blood vessels to put up stickles to facilitate all this. The end result is a 
huge accumulation of mononuclear cells surrounding the site of the infection which is called a granuloma. 
In human beings this structure gradually calcifies, hopefully trapping all the bacteria inside. However, if the 
lesion breaks down, which happens fairly commonly in older people, and the bugs haven’t been killed off, 
reactivation tuberculosis occurs. Even worse, the granulomatous process is inefficient and the central 
region can degenerate into necrotic goo, after which the entire structure can “cavitate” and erode into a 
large vessel nearby. If the vessel is a bronchiole, you cough up gobs of sputum loaded with live bacteria. If 
the vessel is a large vein your lung fills up with blood and you drown. 

Basis of the TH2 response. 



commits to TH2 cell 
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In the above model, the macrophage has eaten some staphylococci. There is nothing to stimulate the 
production of IL-12 this time around, and the so cytokine soup instead stimulates [or is the final signal] for 
the CD4 T cell to become a TH2 cell. 



B cell becomes 
plasma cell and 
begins to secrete 
antibody 


IL-4 


A bit further down the lymph node the TH2 CD4 now encounters a B cell presenting the same antigen 
peptide. The CD4 secretes IL-4, driving the B cell to the plasma cell stage where it will secrete antibody 
molecules. 

Pass the mucous, please Mom. 

This is as good a place as any to briefly discuss the protection of the mucosal surfaces in the body. A large 
percentage of the body's lymphoid tissue drains the exposed mucosal surfaces, which makes sense 
because these surfaces are constantly in the forefront of the microbe/toxin/allergen ocean through which 
our bodies swim. And, if you play rugby*, add blood, spit, dirt, vomit, fragments of clothing, and small furry 
animals. 

[*Sorry, but I can’t resist this anecdote....At Xmas 1997, after years of suffering, I had my tonsils removed 
and sinuses reamed out. The ENT surgeon told me he fixed my nasal septum also, which was all over the 
place [but didn’t look broken externally]. He estimated a very severe blow to my nose, maybe about 20-30 
years earlier. You’ve heard of repressed memories. Mine is “Tinkerbell” the 6'5" 250lb monster that played 
for Maidstone rugby club in England. In a game in 1980 he short-armed me across the nose so hard I didn’t 
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know my name for a week. I bled profusely, but after several beers in the clubhouse I thought no more 
about it.... I was tough in those days] 


The mucosal associated lymphoid tissues (MALT) seem to preferentially accumulate B cells making IgA, 
which is a jolly good idea because secretory IgA, in its dimeric form, is designed to function well in mucosal 
fluids. Thus, lymphoid cells in connective tissue (lamina propria) underlying the mucosal epithelia in the gut, 
GU tract, upper respiratory tract, salivary and lacrimal glands, etc, are rich in secretory IgA (sIgA) 
producing plasma cells. 

Dimeric sIgA is secreted into the mucosal lumen by first binding to epithelial cells which then transports the 
antibody via a vesicle to the lumenal side of the cell. The sIgA is then released, but in the process part of 
the binding receptor remains stuck to the antibody and gets ripped off from the epithelial cell; this is 
believed to be the secretory component that is characteristic of sIgA. 

The primary function of sIgA is exclusionary, by binding to antigens in the mucosa, it prevents them from 
getting into the body tissues. 

Intraepithelial lymphocytes.. ..a different kettle of fish altogether... 

It has been known since the classical studies of Gowans that lymphocytes recirculate, but more recently 
there has been a growing appreciation that lymphocytes, particularly memory cells, selectively revisit the 
tissues from whence they came. This mechanism may promote the efficiency and robustness of regional 
immunity, and facilitate specific functions in tissues such as skin or gut, or on the mucosal epithelial 
surfaces. 

In fact, the small bowel is loaded with lymphocytes, which are called intraepithelial lymphocytes or lELs. In 
fact, because the gut surface represents a vast surface area, a large proportion of the total body T cell pool 
may be lurking in the gut. What puts them apart from their systemic circulating cousins is their subset 
composition, with >70% being CD8+. Again unlike their CD8ap cousins, cells in the gut are mostly CD8aa. 
Others are CD4/8 “double negative” T cells, again virtually unheard of in the circulation. Just to complicate 
matters even further, about half the CD8+ lEL cells express the yS form of TCR. In the vagina, virtually all 
the cells have this phenotype. Many lELs are relatively large and more granulocytic, unlike regular T cells 
[and a bit more like NK cells]. [The large bowel may be different. In mice at least T cells in these tissues 
look like regular T cells]. 
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Most lELs are cytolytic, killing targets by the use of granzymes or engagement of Fas. They probably get 
sensitized in the Peyers Patches or extrafollicular regions of the gut, after which they hop into mesenteric 
lymphatics, then the thoracic duct, quick squirt around the bloodstream, then use stickles [a4p7 integrin 
sticking to MAdCAM-1, or aEp7 binding E-cadherin] and chemokine receptors [CCR9-sniffing MEC 
....mucosal associated epithelial chemokine] to find their way into the lamina propria of the gut. Once there, 
they can easily get into the gut epithelium. 

Gut lEL cells look a bit like regular cells, in the sense that they seem to be of limited clonality, and may be 
mostly interested in antigens presented by Class-lb MHC molecules [maybe Qa-2 or TL?]. This probably 
doesn’t involve a requirement for p2M, because p2M gene knockout mice still have normal numbers of 
these T cells. Recent evidence suggests the some lELs might see antigen presented by CD1c. In this 
regard, some data suggests use of the NKG2D receptor [usually found on certain NK cells, which also see 
CD1 molecules], whereas the usual costimulatory molecules we associate with regular T cells [CD28, 
CD40, etc] are mostly missing. All this suggests that the gut lEL system is a very primitive one. 

And the naughty bits....The immune system of the genital tract is also a bit different. While mucosal 
antibody secretions just about everywhere else are dominated by secretory [dimeric] IgA, in the genital 
tract it is IgG. Also, in females, fluctuations in hormonal levels modify responses. 

The tract is not completely sterile either. The vagina and cervix actually contain a bacterial flora, somewhat 
like the gut. Further up in the uterus however the tissues are sterile. Mucus secreted by the cervix into the 
uterus is probably the main bacterial barrier, although certain organisms like Neisseria and Chlamydia can 
breach this barrier. Unlike the gut there are no M cells in the genital tract, although the basal layer of the 
uterus may contain some lymphoid tissue. Several of the cell types in the tract express TLRs, probably as 
a defense against pathogens. 

As stated above, most of the antibody in the tract is IgG. IgA is also present but as a monomer. Because of 
this it is thought that these antibodies are produced systemically rather than locally. 

The biggest even in the genital tract of females is of course pregnancy. Because of codominant inheritance 
of MHC genes, half the fetus has Daddy MHC alloantigens. It can be demonstrated that Mommy immunity 
can react violently to Daddy antigens, and yet pregnancies are usually successful. This all seems to be 
mediated by the placental trophoblast, which fills with leukocytes [especially monocytes and granulocytes] 
and metrial gland cells. As a result there is at first a complete exclusion of lymphocytes from the maternal- 
fetal interface, whereas later in pregnancy T cells accumulate [tolerized or regulatory T cells?] 
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The concept that effector memory T cells come out of the blood and enter extra-lymphoid tissue where they 
express immunity and leave again, has been extended to the idea that some remain and become “tissue 
resident” memory cells [TRM]. This has been observed in the vaginal wall tissue. A 2014 study looked at 
herpes infection in mice and showed that TRM were established by primary infection, but stayed in the 
vaginal wall where they formed “memory lymphocyte clusters” [MLC]. Very curious. 


More about immunity in the gut...a 2015 update. 

The gut is the largest surface in our body exposed to the “outside”. It consists of a single continuous 
columnar epithelium, which has to balance absorption of nutrients while at the same time keeping a 
constant bombardment by potential pathogens at bay. The small intestine is the prime region for digestion 
and absorption; it is 6-7m long in multiple coils. The colon in contrast is wider and much shorter at ~1.5m; 
water gets reabsorbed here but virtually no digestion takes place. The epithelium constantly turns over and 
renews; most cells are enterocytes, but also Paneth cells and Goblet cells. Most immunological events 
occur in the mucosa, which is the gut epithelium, the lamina propria just underneath it, and the submucosal 
smooth muscle layer. 

Lymphoid tissue in the gut [GALT] is very extensive, and comprises subepithelial lymphoid aggregates in 
the mucosa with characteristic follicles consisting of microfold cells [M cells]. These are specialized cells 
adept at taking up particulate antigens and transporting these into a layer right underneath full of DC, which 
in turn can process and present the antigens. M cells can be found all over the gut, including the colon and 
rectum. Within the small intestine as well are large follicles of B cells [Peyer’s Patches], which increase in 
frequency and size towards the distal ileum. These continually express germinal centers, indicating 
continuous antigenic stimulation, and are the source of the huge amounts of secretory IgA made in the gut. 
Other lymphoid tissue is now known to exist, and these are called “isolated lymphoid tissue” [ILT], 
microscopic cell aggregates found all over the gut, particularly in the bottom end of the colon. [Bottom 
end... gettit?] 

[In addition to the gut, M cells can be found in the respiratory tract, or at least in lymphoid tissue around the 
bronchus [a possible portal for pathogens?] and this even extends up into the nasal cavity. A practical 
issue regarding the latter regards intranasal vaccination and uptake by M cells that has the potential for 
carriage into the CNS. This started to be suspected when a flu vaccine in enterotoxin [adjuvant] triggered 
Bell’s Palsy [facial nerve paralysis]]. 
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The gut is associated with lymph nodes, which are the largest in the body. The mesenteric nodes are one 
source of drainage of lymph from the gut, but in fact there is a complex system of additional nodes in 
addition. 

The lamina propria contains T cells, B cells, DC, macrophages [the most abundant population], eosinophils, 
and mast cells, whereas the epithelium above consists mostly of T cells. Most of these “Intraepithelial 
lymphocytes” [lELs] hang out in the basement membrane between enterocytes, and have multiple 
regulatory and effector activities. There are two main flavors. The first are conventional in that they have 
apTCR and either CD4 or CD8ap, whereas a second population are either apTCR or ySTCR, but only 
CD8aa [i.e. homodimer]. This second population seems to come straight to the gut from the thymus. About 
two-thirds of the T cells in the gut are CD4-i-, have an effector memory phenotype, and make lots of 
cytokines. Many are TH17, or Treg. TH17 decrease in number from the duodenum into the large intestine, 
whereas Treg numbers are highest in the colon [keeping the immune response to the enormous gut flora 
under check?]. Germ free mice have no TH17, indicating that the development of the gut flora pushes the 
generation of this subset. 

More primitive cell types, including “innate lymphoid cells” [ILC], invariant T cells, including iNKT cells, and 
“mucosal associated invariant CD8 cells” [MAIT; which are CD8aa similar to a subset of lELs in the gut] 
are also present, and seem to serve important anti-bacterial functions. [MAIT cells see Vitamin-B2 
metabolites made by bacteria; these are very small molecules, a bit like the tiny molecules seen by certain 
y 5 T cells]. Small numbers of CCR9-i- plasmacytoid DC are found in the small intestine [no function known 
as yet] as are eosinophils [mostly in the duodenum] and mast cells. 

Paneth cells produce anti-microbial peptides, including lysozyme, defensins, and REGIIIy [regenerating 
islet-derived protein Illy]; production is driven by IL-22, or by triggering of TLRs or NODs. Goblet cells 
increase in frequency as one goes further down; they are -25% of all cells at the bottom of the colon. 

There, the mucus layer [glycocalyx] is at its thickess, and consists of an inner dense layer and a thinner 
outer layer [bacteria in the gut can get into the outer one but not the inner]. Mucus production by Paneth 
cells is driven by leukotrienes, IFNy, IL-9 and IL-13. Paneth cells in the ileum express the NOD2 pattern 
receptor, and it has been noticed that people with Crohn’s disease often have a mutation in their NOD2 
gene. 

There are large numbers of macrophages and dendritic cells in the gut, and it is not easy to distinguish 
them given similar characteristics. Both express CD11c and Class-ll MHC, but the DCs also express the 
integrin CD103. Macrophages, on the other hand, express the chemokine receptor CX3CR1. These cells 
have high phagocytic activity, and classical macrophage morphology including abundant cytoplasm 
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containing lots of vacuoles. Their numbers steadily increase as one gets into the colon. In addition to killing 
microbes that get into gut tissues, macrophages also have a scavenger function through the CD36 receptor, 
as well as clear apoptotic cells. They are able to see lots of “danger signals” - they express most of the 
TLRs. By releasing plenty of IL-10, the macrophages also keep local inflammation from getting out of hand. 

The DCs prime naive T cells in an efficient manner, and CD103+ DC can help generate regulatory T cells 
[CD4 Foxp3+]. This is a key event, because it fits with data indicating that Tregs play a central role in 
keeping immunity controlled in the gut [homeostatic steady state]. These DC are found in both the intestinal 
mucosa as well as the lymph and in the draining lymph nodes. 

There are huge numbers of bacteria in the colon - as many as 10^^ - so obviously you can believe that the 
87 or so Lactobacilli that survive transit through the stomach acid will easily kill all of them off and replace 
them, at least according to the Phillips Colon Health Lady. [They’ve changed the actress and gone with a 
younger model I noticed]. In the gut an infectious process usually starts after the pathogen binds to the 
brush border of the gut epithelium. 

Macrophages in the gut lamina propria have a big array of pattern recognition molecules, including TLRs, 
C-type lectin receptors, and NOD receptors, which between them can trigger innate immunity, antigen 
presentation, and the secretion of antimicrobial molecules. Gut epithelial cells express TLRs as well. TLR2 
is highly expressed in the proximal colon, whereas TLR4 occurs lower down. Our commensal gut flora 
continually tickle these systems, stimulating the production of mucus [by Goblet cells] and anti-microbial 
peptides [by Paneth cells], keeping a “basal level of steady state host defense”. 
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18. NEW BOYS ON THE BLOCK. 


Until recently we regarded the main subsets of T cells as TH1 and TH2 CD4 cells, and cytolytic [granzyme 
positive] or IFNy secreting CDS cells. But new data suggests the existence of at least three new boys on 
the block, plus an older subset [natural killer cells] we should say a bit more about. 

The first is a specializied subset of T cells now called “regulatory T cells” or Tregs. 

The role of these cells, firstly, seems to be the efficient control of possible self-reactive T cells [those that 
escape the thymus and reach the periphery]. We briefly talked in these notes about the historical concept 
of “tolerance”. These ideas arose based on data that showed that self-reactive T cells can certainly arise in 
us, potentially causing autoimmunity, but that there were other mechanisms that somehow turned these off 
[at the time called “peripheral tolerance”...i.e. outside the thymic selection mechanisms]. 

This appears to be a major role of Tregs. There appears [perhaps] to be two sorts. The first are natural 
Tregs, designed to restrict self-reactive T cells and thus prevent autoimmune diseases, and induced Tregs, 
which prevent over-exuberant immunity in certain chronic diseases, and perhaps in conditions such as 
allergy. There are lots of the latter type of Treg in the gut lymphoid tissues, probably there to tolerize us to 
food antigens. The role of these cells first became suspected when it was noticed that CD4-knockout mice 
were hard to keep for long periods of time because they developed a form of colitis. Infusion of these mice 
with CD25-I- Tregs prevented this from happening. 

This was because, you guessed it, Tregs are usually CD4-i- CD25-I-. It was noticed quite a while ago that 5- 
10% of CD4 in a naive mouse express CD25 [the alpha chain of the receptor for IL-2], but at the time this 
was just thought of as effector cells responding to what the mouse had for breakfast. Many of these are 
probably Tregs, which then become CD25'^' after activation [and it will not surprise you these cells need lots 
of IL-2]. But the really definitive gold standard marker, for right now at least, is the intracellular expression 
of a transcription molecule, forkhead box P3 or Foxp3, which only Tregs seem able to up-express. As a 
result, Tregs are usually identified as CD25'^' Foxp3-i- cells. 

Tregs rise from naive CD4 after exposure to the cytokine TGFp. How Tregs work exactly is still not 
completely clear, but secretion of the down-regulatory cytokines IL-10, TGFp and IL-35 are probably the 
major molecules involved. 

A mutant mouse strain [Scurfy] dies fairly rapidly from a syndrome in which its CD4 cells are hyperactivated 
and make bundles of cytokines; the mutation is in Foxp3. Similarly, humans with the rare IPEX syndrome 
have a mutation in their corresponding Foxp3 gene. Foxp3 interacts with a laundry list of other intracellular 
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factors [NFAT, AML1/Runx1, HAT/HDAC, and maybe NFkB], When Foxp3 is switched on it hits lots of 
genes [>700] and binds directly to at least 10% of these. A current concept is that prevents the CD4 from 
being an effector cell, and a Treg instead. The cytokine IL-6 seems to stop this, and IL-6 plus TGFp makes 
the CD4 cell turn into a TH17 cell instead [whom we will meet in a minute]. 

We should stress that Tregs are not the only cells that can depress immunity; there are certainly Foxp3- 
negative CD4 that can secrete IL-10 and TGFp, and this extends to non-CD4 populations as well, including 
yS T cells. 

As a generality we can say that Tregs are used to prevent autoimmunity, as well to control excessive 
immune responses in chronic diseases. Although it is still unclear, a drawback to this is that they may 
contribute to chronic diseases [HIV, leishmania, TB, etc] by interfering with TH1 immunity. There is also a 
possibility they might interfere with vaccine-induced immunity. 

In 2010 a molecule was identified on the surface of Tregs called TIGIT; this modulates DC activity via IL-10 
production. Apparently, TIGIT binds the same receptor on DCs that the polio virus uses to get into 
macrophages. 

One of the roles of Tregs is clearly to dampen inflammatory responses. This counteracts the activity of 
another newly discovered CD4 subset, the TH17 cell, called thus because it secretes the cytokine IL-17 
[actually, a family of related molecules]. Cells that have the IL-17 receptor respond by secreting lots of 
chemokines including IL-8, G-CSF, and IL-6, which results in the rapid accumulation of neutrophils. It is 
now thought that because tissue damage caused by neutrophils has the potential to switch on autoimmune 
diseases, a major role of the Tregs above is to prevent this. But, just to make life more complicated, TGFp 
produced by Treg can switch TH17s on [in conjunction with IL-6 made by dendritic macrophages], and 
TH17s may even themselves turn into Tregs. Then, to allow TH17 cells to expand and secrete cytokines, 
another cytokine, IL-23, seems critical. IL-23 is a heterodimer formed by the IL-12 p40 chain and a unique 
pi 9 subunit. IL-23 gets made in large amounts by activated macrophages, including those turned on via 
TLRs. TH1 and TH2 cytokines can turn TH17 cells off, as can the cytokine IL-27. 

The sustained production of IL-17 can be a double-edged sword. In infections generating a florid neutrophil 
response, such as Klebsiella, loss of the IL-17R worsens matters because not enough neutrophils get 
recruited to lesions to eat these bugs. This can, however, generate tissue damage and possible 
autoimmunity [which Tregs try to turn off]. In other examples, TH17 cells may be promoting long term 
damaging inflammatory pathology, which is ultimately detrimental. In TB, TH17 may be important in driving 
the memory T cell response to vaccination, and probably contributes to the formation of the lung granuloma 
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This suggests that a major role of TH17 cells is to “shape” the types of in flammatory cells coming into 
tissues in response to pathogens. 



How do all these cells fit together in the grand scheme of things? Here’s a stab at it 
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We should also talk a bit about other populations. A new concept is that of innate lymphoid cells [ILC], 
which can produce certain cytokines [IL-5, IL-13, IL-17] and which seem to help initiate immune responses 
to pathogens. 

What do we know about ILCs? Well, as yet, not a lot. They seem to be important as an innate component 
of protection in the gut [they are also found in our airways], where they can respond to “danger signals”, i.e. 
DAMPS like IL-1 and IL-33. If they are depleted commensial bacteria such as Alcaligenes disseminate all 
over the gut, and there is massive inflammation, so obviously this suggests they play a key role in limiting 
this. They are known to be a big source of IL-22, important in controlling inflammation and wound healing 
[perhaps they are maintaining the integrity of the intestinal wall, which you remember sloughs off]. They 
don’t express CD3, but do have CD45 and CD127, and RORYt+. 

It is now thought that “natural killer cells” [NK] are probably a subset of cytotoxic ILCs, even though we’ve 
know about the existence of NK cells for far longer. They comprise about 5-10% of blood lymphocytes, and 
have long been regarded as one of our first line defenses against pathogens. NK cells can make IFNy, and 
can distinguish distressed cells [tumors, infected, damaged] from healthy cells. NK cells can kill a wide 
range of tumor cell types, which is why the idea arose decades ago that they were some sort of “cancer 
surveillance mechanism”. In addition, NK cells can recognize and kill cells infected with certain viruses 
[CMV for example]. NK cells can also apparently see viruses via TLR receptors. 

True NK cells are cousins to NKT cells. The latter get made in the thymus, but spin off at the double¬ 
positive stage of development. A major subset are “invariant NKT” cells, so called because they have a 
semi-invariant TCR a-chain [Va14-Ja18 in mice]. These are particularly good at recognizing glycolipids, 
presented in the context of CDId molecules, and respond by squirting out large amounts of cytokines. 
They, like NK cells, can also see tumor cells. Both can kill cells -NK cells use perforin/granzyme, iNKT use 
the CD95-CD178 pathway. 

Human NK cells express inhibitory receptors [called KIRs] for MHC Class-1 recognition [ the mouse system 
uses Ly49 C-lectin like receptors]. These are type-1 transmembrane glycoproteins with 2-3 Ig-like domains. 
When these on the NK cell see proper Class-1 on the surface of its target the KIR triggers a signaling 
system in the cytoplasm via ITIM motifs, and nothing bad happens...nobody gets hurt. If the tumor cell has 
been lazy however and doesn’t correctly express Class-1 [or even bother at all], so called “missing self”, 
then the NK cell is activated and the target killed. Finally there are various additional “stress-related” 
molecules damaged/tumor cells can express which also activate NK cells. In mice NK cells see such 
molecules through their NKG2D receptor system, plus there are other types of activating receptors also 
known [NKp46, which sees the “H” of influenza virus, CD94/NKG2C, CD16, and KIR2DS4]; all these are 
homologues of the inhibitory ones but with shorter cytoplasmic chains and no ITIMs. If triggered the cell 
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degranulates and also releases cytokines. There is a suggestion that a second signal through a separate 
receptor is needed for all this to happen. 

Tumor cells can also express CD1d and this seems to be the basis of attack by INKT cells. This can be 
direct, or indirect due to iNKT cytokine release activating NK cells. A further mechanism suggested is that 
iNKT can suppress pro-angiogenic molecule production by macrophages, thus limiting tumor growth also. 

It seems that most iNKT can produce both TH1 and TH2 types of cytokines, although recently a small 
subset making IL-17 was observed. In keeping with the new concept of plasticity in these systems, iNKT 
cells showing follicular helper activity, and others expressing Foxp3, have also been identified. 

How do we get one subset and not another? 

The simple answer is that we are still not sure. However, considerable advances have been made in terms 
of understanding the signaling pathways each subset uses. TH1 cells are driven by the transcription factor 
T-bet, via STAT4. TH2 by GATA-binding protein-3 and STATS, TH17 by the retinoid orphan receptor yt and 
STAT3, and Tregs by the Foxp3 transcription factor and STATS. 

It has been suggested that the strength of initial TCP signaling is a factor; strong signals leads to TH1, 
weaker ones to TH2. If the signal through the TCP is weak this quickly turns on GATA-3, which makes the 
cell make IL-2 so it can divide, as well as [via STAT6] get the cell to start making IL-4. The IL-2 then tells 
the cell to put up IL-4 receptors, creating an autcrine positive feedback loop. 

Depending on the local cytokine environment, the T cell can become aTH17 cell, as shown above. The 
signals for this are relatively well known, first you need IL-6 and TGFp, then IL-21 as an amplifier [produced 
by IL-6 driven STAT3 and a costimulator, ICOS], then IL-23 to stabilize this population. IL-2 and STATS 
provide a negative feedback, presumably as a controlling system. 
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PART THREE 
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19. IMMUNITY TO INFECTION. 


What we need to do in this particular topic is two-fold. First, we need to remind ourselves of the major 
diseases that threaten our integrity (i.e. make our limbs fall off so that we come over all dead), and 
secondly, to get an idea of the basic immunological mechanisms we possess, both innate and acquired, 
that combat these diseases. 

We will approach this by way of the major types of microorganisms that cause disease, starting with the 
viruses. The word virus comes from the Latin, meaning poison. This was because the Romans saw no 
distinction between the poison injected into you by snakes, and what they believed to be poison injected 
into you by a rabid dog. When it became known that rabies was caused by a living particle rather than a 
poison, the word virus was retained as a general term. 

The major viral infections in humans include influenza (Orthomyxovirus), of which we are treated to an 
outbreak at least once a year (the spread of influenza from East to West is believed to follow bird migration 
patterns). We are all familiar with its symptoms, and the fact that it can be very serious in the very young 
and in the elderly. In 1918, it was very serious indeed, killing an estimated 20 million people worldwide 
(more than those killed in World War One). 

Or did it....? Recent studies that looked again at this era have now reached a different conclusion. They 
suggest that the virus at the time was not as ultra-deadly as presumed, and did not knock off as many of 
the relatively young, relatively healthy people who got snuffed. What killed them? Answer....secondary 
bacterial pneumonias, compounded by the fact that flu victims got stuck in unsanitary hospitals where 
these bacterial infections were rife. 

Influenza can be vaccinated against, but only for the particular strain of the given moment. The reason for 
this is that the virus is constantly changing its antigenic properties, through mechanisms called antigenic 
shift and drift. 

Antigenic shift refers to the ability of the virus to change the antigenic structure of the hemagglutinin and 
neuraminidase antigens on the virus surface, thus eluding the antibodies the person may already possess 
from an earlier infection, and thus allowing the disease to become established. The reason why such 
drastic changes in viral structure is now known to be due to two different viruses infecting the same cell, 
and producing a new "hybrid" virus by means of gene reassortment. 
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Antigenic drift refers to less fundamental changes in virus coat structures resulting from point mutations 
occurring in the viral genome. These viruses may escape the antibody response for this reason, giving rise 
to local epidemics until the antibody response catches up to the new structures. 

Mumps and measles belong to the Paramyxoviruses. In both cases, rates of infection have dropped 
dramatically in the past two decades as a result of mass vaccination, although measles is now making a 
resurgence, particularly amongst people of college age [and evangelicals, see later]. Both viruses enter 
through the respiratory tract, from whence the mumps virus disseminates into the blood after an initial 
incubation period, giving rise to generalized swelling of glandular and lymphatic tissues. Side effects 
include meningitis and (in post-puberty males) orchitis. 

Measles also disseminates in the blood, where it generates a strong antibody reaction. It is thought that 
antigen-antibody reactions, plus the attentions of complement, may be the cause of the characteristic 
maculopapular rash (those on the buccal mucosa are called Koplik's spots) associated with this disease. 

Polio is a member of the Picornavirus family. It replicates in enteric tissue, before giving rise to a viremia in 
some people. Even in these individuals, symptoms are usually very mild, but in a small percentage the 
virus invades the anterior horn cells of the spinal cord, causing temporary or permanent paralysis. (You 
may recall pictures in older textbooks of people in "Iron Lungs" needed to support respiration). The 
introduction of the Sabin/Salk vaccines in the early 1950's reduced the incidence of this disease to near 
zero. 

Hepatitis is actually a group of similar viral diseases. Infectious hepatitis (type A) is a RNA enterovirus 
contracted from fecally-contaminated food or water, or by person-to-person contact*. The disease is 
primarily characterized by an acute illness culminating in liver damage. In contrast, type B hepatitis is 
caused by a DNA virus, which again results in liver damage, but with a slower, more chronic development 
of symptoms. The virus is transmitted parenterally, by exposure to blood. For this reason, medical 
personnel, I.V. drug users, and homosexual men are considered high risk groups. 

[* there was an outbreak in Denver after Xmas 1992, compliments of a local catering company] 

There seems to be a large number of such viruses. Types C, D, and E have now been characterized, and 
several more are believed to exist*. 

[* I was flying back from Sydney 15 years ago and the lady sitting next to me was coming back from a 
conference about hepatitis G] 
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Hepatitis C causes chronic infection of the iiver, and is usuaiiy estabiished by needie sharing amongst drug 
users. There are an estimated 185-miiiion peopie with the disease, and about haif a miiiion deaths each 
year. Recentiy, new drugs were found [sofosbuvir, simeprevir] than not oniy inhibit the virus but can 
actuaiiy ciear it in 90% of peopie in just 12-weeks. They are very expensive, but a much cheaper drug 
[daciartasvir] is coming down the pipe. 


The herpes group of viruses are very widespread in both humans and animais. Herpes simpiex consists of 
two types, type 1 that causes biisters and "coid-sores", usuaiiy on the iips, and type 2 that preferentiaiiy 
affects the naughty bits. As you might guess, type 1 is transmitted oraiiy, and type 2 sexuaiiy. 

O'er ladies' lips, who straight on kisses dream 
Which oft the angry Mab with blisters plagues. 

[Romeo and Juiiet] 

Another herpes virus, variceiia zoster, is responsibie for the miid chiidhood disease of chicken-pox. Aiong 
with the simpiex types, this virus can remain in nerve ceiis in a dormant state. Recrudescence of herpes 
disease can sometimes occur, often when the person is miidiy stressed in some way. in simpiex type 1, 
this manifests as a new coid-sore, in type 2 as a rash around the groin and genitais, and in zoster 
infections as a regionai biistering rash known as shingies. 

Smaiipox is the most important of the diseases caused by the Poxviruses. The word comes from the 
pustuiar skin iesions caused by the disease, which were ciassified by our medievai friends as "pokkes". 
Thus, syphiiis was the Great Pokkes, because of the iarge chancre or iesion it caused on the genitais, and 
smaiipox the Small Pokkes because of its smaiier boii-iike iesions. 

Because smaiipox has been eradicated by vaccination (at ieast, officiaiiy, ...it has been seen since in war- 
torn areas such as Ethiopia) it is hard to imagine how feared this disease once was. As far as reiiabie 
historicai records go back, there has been evidence of periodic smaiipox pandemics. 

The smaiipox virus enters through the respiratory tract, and muitipiies in the iymph nodes and respiratory 
tract. There is then a period of intense viremia, in which the virus spreads throughout the body. The virus 
prefers the iower temperatures of the skin, and the infection tends to iocaiize in skin epitheiiai ceiis. These 
ceiis sweii up, many iyse, and there is substantiai tissue infiitration and indication. At first these iesions 
appear as noduies on the skin, but these may progress to necrotic pustuies. Even if the individuai survives 
this process, the pustuies form scars for iife. 
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Smallpox can be readily and rapidly transmitted, mainly because as the pustules dry out and form scabs, 
small particles can fall off in the form of aerosols. Each of these particles are literally covered in the 
smallpox virus. 


The symptoms caused by the dengue virus are high fever and ferocious limb pain, earning it the sobriquet 
“break bone fever”. In young children the infection may progress to a full blown hemorrhagic fever, which 
can be fatal. Dengue virus is transmitted by mosquitos over a very wide range including Asia, India, and 
South America. As we speak, the disease is gaining a foothold in Latin America and slowly heading 
for....us. 

There may be as many as 100-million infections each year, but because dengue is not usually fatal, it has 
not generated the attention other diseases such as malaria has. As a result, in areas in the world where 
mosquito control has slackened, dengue has spread, causing periodic epidemics [Cuba and Brazil most 
recently]. In terms of vaccine development, one has been made and it drops the incidence of disease by 
half, but only works well against one of the four serotypes of the virus. In addition, it only works really well if 
the person already had dengue previously, suggesting it is acting as a boost of some sort rather than being 
good at primary immunization. 

West Nile virus is an RNA virus and a member of the Flavivirus family originally isolated from a woman in 
1937 in Uganda. Since then outbreaks in humans have been seen in Algeria, Romania, Tunisia, Russia, 
and Israel. In the summer of 2002 we all watched as it spread slowly but inexorably from the East coast 
across America. In 2012, it infected lots of people in Texas. The virus is actually a virus of birds and is 
spread by Culex mosquitos, but if they also bite you [or your horse] there is the risk of infection. In fact, 
most people infected are asymptomatic, but if you are elderly there is an increased risk [about one in 150] 
of encephalitis and death. Other symptoms observed are muscle weakness and flaccid paralysis caused by 
anterior horn infection. By continuously covering the “epidemic” the media worked up a bit of panic, when 
actually, in the cold light of day, many more people each year die from the flu. 

Things got even worse in 2003, when Coloradians got a double dose of a bad West Nile epidemic, followed 
by an even worse flu epidemic. As more data accumulated, it became apparent that West Nile can be 
transmitted not only by mosquitos, but across the placenta, through blood transfusion, by graft 
transplantation, and in breast milk. West Nile in 2013 in Colorado has been even worse. 

One thing that has been known for a long time is that people with viral infections don't get a second viral 
infection at the same time, a phenomenon often referred to as viral interference. An explanation for this 
was provided in 1957 with the discovery of a substance called interferon. 
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We now know that there are at least three types of interferon molecules.designated a p, and y 

interferons. We've already met Mister Gamma above, it is only made by T cells, and is a regulatory 
cytokine. In contrast, the a and p interferons can be made by many cells in the body as an innate response 
to virus infection. Although the production of interferon will not help save the infected cell, it serves to 
protect surrounding cells from further dissemination of the viral infection. When viruses enter cells they 
switch on a whole host of transcription factor proteins [TRAF6, TAB, TRIP, PKR] which then activate the 
IKKe and TBK1 kinases. These then turn on a key transcription factor, IRF3, which dimerizes, then enters 
the cell nucleus to switch on IFN synthesis. 

The way interferon works is not specifically known as yet, but evidence leans towards it acting by disrupting 
viral mRNA translation. Some data suggests that it induces formation of a protein kinase enzyme that 
phosphorylates a protein (initiation factor 2) involved in stabilizing the mRNA/tRNA/ribosome complex 
needed to start forming a new peptide chain. Once phosphorylated, this protein cannot function in 
stabilizing the complex, and so translation of the (viral) mRNA cannot proceed. 

Interferon is also believed to induce a second protein, 2-5A synthetase, which polymerizes adenine 
molecules into chains which results in the triggering of ribonucleases. These enzymes then chop up the 
viral mRNA. 

Interferons can be used directly as immunotherapy. Hepatitis B, a major disease with about 400MM people 
worldwide carrying this chronic infection, is treated with IFN-a. The key to the disease is the retention in 
hepatocytes of viral episomal DNA, or covalently closed circular DNA]. IFN promotes degredation of this 
through the cytidine deaminase enzyme APOBE3A but the effect is slow at best. Recent studies now show 
that if the lymphotoxin-p receptor on the cell is also ligated this triggers another enzyme, APOBEC3B, 
which chops up viral cccDNA much more efficiently. 

If the virus is not halted by such mechanisms, then it will probably be phagocytosed by a macrophage 
(either one wandering through the tissues, or, in the case of an insect or animal bite, by macrophages 
lining the bloodstream in the spleen or liver). 

The macrophage may be able to kill the virus directly, or instead become actively infected with it. Either 
way, the acquired immune response becomes aware of the viral infection. 

Because macrophages can express both Class-I and Class-ll MHC then they can prime both CDS CTLs 
and TH2 CD4 T cell responses. 


172 




Antibodies arising as the end-product of the TH2 response protect against viral infections in three ways. 
One, they bind and neutralize the virus by masking viral proteins involved in the process by which the virus 
binds to and enters cells. Second, binding by antibodies, and then in addition by C3b, opsonizes the virus 
facilitating its phagocytosis. Thirdly, binding by complement to the antibody-virus complex can cause direct 
lysis in the case of certain viruses. 

Even if the virus tries to hide inside host cells its presence is betrayed by viral peptides appearing on the 
cell surface, leading to lysis of the cell by cytotoxic CDS cells. 

As discussed elsewhere, having recognized MHC/virus antigen on the target cell, the cytolytic T cell 
establishes substantial cell-to-cell contact, much the same way as the Blob ate the phone booth in the 
remake of The Blob. Next the cytoskeleton springs into action, moving a lot of cellular granules into the 
vicinity of the target cell. The granules then spill their contents into the area between the two closely 
associated cell membranes; these contain perforin, a 70kDa protein similar to complement C9 [like C9 it 
polymerizes in the target cell membrane], and granzymes, [also called “fragmentins”] which are a bunch of 
serine esterases that at first were thought to act somewhat like complement, but we now realize activates 
the transcription factor caspase-8, which heads to the target cell nucleus, inducing the chopping up of DNA 
and inducing apoptosis. 

We’ve generally thought of viruses as dumb little creatures of interest only to the chaps on the fourth floor, 
but recent data suggests that viruses can avoid immunity by means of their subversion of chemokines 
responses. We know that HIV can get into T cells via CXCR4 and CCR5, but there is now evidence that 
viruses can secrete molecules that are similar to human chemokines thus screwing up the host 
chemokines gradients. Another example is the herpes virus HHV8 which causes Kaposi’s sarcoma in AIDS 
patients; this virus encodes three chemokine-like molecules that can bind a wide spectrum of human 
chemokine receptors. They can also put up receptor homologs to soak up host chemokines, 
cytomegalovirus is an example. Third, they can secrete molecules that bind chemokines, preventing them 
from working; myxoma virus does this with a protein, M-T7, and cowpox viruses secrete a protein called 
vCCI. 

To avoid a growing list, look at this as three ways viruses exploit/subvert the chemokine system. The first is 
cell entry [HIV, myxoma....but see also the parasite Plasmodium, see below]. The second is virus spread, 
in that the viral chemokine attracts cells it then infects. The third is evasion, in which Trojan horse viral 
chemokines are released, or receptors expressed that soak up host chemokines. 

And now, bacteria. 
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The bacterial kingdom is enormous, and so to avoid a "Book of Lists" we will only briefly mention a few 
important bacterial species capable of unpleasant diseases. 

Starting with gram-positive bacteria, diseases caused by Staphylococcus and Streptococcus are 
considered the most important. 

Staphylococcus aureus can cause pimples, boils, carbuncles, styes, infected wounds, and abscesses, in 
fact anything to liven up a Ken Russell or David Cronenberg movie. Some strains can make exotoxins, 
which are the most common cause of food poisoning, and which have been more recently determined as 
the cause of tampon-induced toxic shock syndrome (see below). 

Most of us have had a "strep throat" caused by type A Streptococcus. In addition, the disease can cause 
ear infections and meningitis, especially in young children. If the particular organism releases a toxin, there 
is local erythrocyte lysis leading to a rash (scarlet fever). Other important diseases caused by streptococci 
include pneumonia, and otitis media, both attributed to S. pneumoniae. 

Methicillin resistant Staph has emerged as a substantial menace. It turns up in hospitals, where it can 
cause sepsis and pneumonias. But there is good news. Somebody found a 10**^ century book called “Bald’s 
Leechbook” that described a mixture of cropleek and garlic, wine, and cow bile. You mix it up and let stand 
for a week to get really smelly, then give it to the patient. In 21 century studies in mice, it actually 
protected. Expect it on the Dr Oz show any day. 

The organism Corynebacterium diphtheriae is the cause of the dread disease Diphtheria. The bacterium 
persists on the mucosal membranes of the upper respiratory tract, where it secretes an endotoxin. This 
endotoxin invokes an inflammatory response, as well as substantial local production of fibrin. The fibrin 
matrix can become extremely large, to the extent that the airway is blocked and the individual asphyxiates. 
A toxoid vaccine is given to children (the D in DPT) to effectively prevent this disease. 

An anaerobic gram-positive bacterium of note is Clostridium tetani. This organism is found in soil, 
particularly in horse pastures (it is a natural component of the equine gut flora). If it enters the body through 
a wound, it produces an extremely potent exotoxin. This toxin blocks inhibitory synapses in spinal motor 
neuron ganglia resulting in persistent contraction of peripheral muscles. If untreated, the individual dies of 
exhaustion. 

Bacillus anthracis hit the headlines lately, due to weapons grade spores turning up in the Mail and killing 
half a dozen people. Terrorism was invoked, but most of us think it was an inside job, probably from a 
malcontent working in a government lab in Maryland*. In fact more people die from digging up spores from 



dirt. The bug itself is harmless but it produces an absolutely splendid toxin. It comes in three bits, lethal 
factor LF, edema factor EF, and protective antigen PA. LF is a metalloprotease, that chops up several key 
cell signal transcription factors. EF is an adenylate cyclase which pumps up cell cAMP, causing all sorts of 
mayhem. PA gets the other two into cells by acting as a lipid bilayer translocation mechanism, perhaps by 
creating a pore. Once in, the complex of the three proteins gets into early endosomes where they interact 
with endosomal transport systems which package them [protecting them from breakdown] and release 
them back into the cytoplasm, where they screw up multiple cell functions. 

[*ln the summer of 2008 a senior scientist there committed suicide as the Feds closed in on him. This 
probably closes the case, although the usual conspiracy theories continue to exist [somebody pointed out 
that the guy at Fort Detrick could have grown the spores but did not have the means to reduce them to the 
size [Sum] needed for the spores to leak out of the envelopes; the “milling” equipment to do this only exists 
in Dugway Utah...]. The viewpoint of the Bush administration that Saddam Hussein’s bioweapons expert 
“Dr Germ” made the anthrax despite the fact that she had a Masters degree in Micro from a third rate 
British college [where she was regarded as an idiot and incapable of tying her own shoelaces] seems to 
have diminished lately]. 

Turning to the gram-negative bacteria, the Neisseria are a family of diplococcal organisms. Two strains are 
of note: N. meningitidis, which can occasionally cause meningitis in children and young adults [especially 
college students...this happens every nowand again...a couple of young lads died in Fort Collins recently], 
and N. gonorrhoea, which is a major cause of sexually transmitted disease. In this latter case, many 
isolates possess pili, which facilitate attachments into mucosal tissues in the genitourinary tract, anus, and 
pharynx. After a few days incubation, there is a copious discharge of fluid (mainly pus) from the genital 
tract. If not treated, the infection can lead to stenosis of the urinary and genital tracts, and sterility. In this 
country, gonorrhea remains a major health problem. 

Bordetella pertussis is a Gram-negative bacterial pathogen that causes “whooping cough” in children. The 
infection is highly contagious and can be very serious and fatal in children. A major symptom is sustained 
and exhaustive coughing, in which the child strains to draw air into the lungs, thus making a whooping 
sound [“hoop”]. Until recently [see further information in the Vaccines chapter] cases in the USA had been 
driven to below 1000, but many areas of the country are now seeing serious and scary outbreaks. [This 
reflects the misinformation pushed by idiots that the vaccine causes brain damage and autism, not helped 
by the predictable reaction by several vaccine production companies saying “okay...screw you...we’ll do 
something else instead...”]. In the developing world however the infection is still rife [nearly 50MM cases]. 
Bordetella possesses an adhesion molecule [FHA] which screws up the cilia resulting in debris 
accumulating in the airway [hence the coughing] and a toxin which inhibits G-protein signaling in 
phagocytic cells. 
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Infections due to Salmonella are common and diverse. The most important is S. typhi, which causes 
typhoid fever. The infection is predominantly of the gastrointestinal tract, and is associated with severe 
ulceration, necrosis, diarrhea, and bleeding. If untreated, the infection is usually fatal. 


Another dysenteric type of infection is caused by the Shigella species. This infection is characterized by 
colitis and gastrointestinal bleeding, which in turn is exacerbated by an exotoxin produced by the bacterium. 

A major gram-negative bacterium is Yersinia pestis, the causative agent of plague. Between December 
1347, and December 1349, this organism made a concerted and almost successful effort to wipe out the 
human race between South-East Asia and England. The infection was transmitted by flea bites, which were 
conveniently carried about the land by rats (actually Yersinia is primarily a disease of rats rather than man). 

After being injected by the flea bite, the organism is carried to a local lymph node where it rapidly divides 
and gives rise to a massive inflammatory response. The node becomes enormously enlarged ("buboes"), 
whilst the bacterium escapes into the blood stream causing massive septicemia and rapid death of the 
individuals. In the last hours, the bacteria have eroded into the lungs and the disease can be rapidly 
transmitted by aerosol (pneumonic plague). 

At the time of the Black Death, the natives had no idea how to control or treat plague, but came up with 
some fanciful approaches. Buboes were treated with bell glasses placed over the swollen node which 
contained hornets, whilst posies or garlands of flowers were worn around the neck of those yet uninfected 
to allay the deadly "humors". Many children’s' songs of the time have a dark and grisly deeper 
meaning. 

A-ring a-ring of rosies^ 

A pocket full of posies^ 

A-tish-ue, A-tish-ue^ 

All fall down"^. 

1) roses in chains around your neck (2) and in your pockets (3) symptoms of pneumonic plague (4) all fall 
down.dead. 

Whilst we are in a grisly mood, let us with a gladsome heart move to the spirochetes. These motile bacteria 
can't be conventionally stained, or grown on conventional media. The most important, if only from the 
perspective of infamy, is Treponema pallidum, the cause of syphilis. 
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The name syphilis comes from a Renaissance poem in which Syphilus, a shepherd, enrages the Sun God 
and is infected as punishment. Syphilis appears to have originated in the New World (i.e. the Americas, to 
all you non-seafaring folk, arrrggghhh Jim lad shiver me timbers it be the Black Spot blind Pugh my parrot 
is deceased dead men tell no tales yo ho yo ho a pirate’s life for me). It was carried back to Spain by 
Columbus's sailors, who gave it to the prostitutes, who gave it to the Army, who gave it to the Italians. Then, 
in 1494, Charles VIII of France invaded Italy, but had to retreat after many members of his military 
contracted the disease [ve are ze loovers, not ze fighters]. Soon after it was all over Europe (and, thanks to 
gallant European explorers, soon all over the Far East as well). 

Recent evidence seems to confirm the idea that the disease did indeed start in the New World. It was 
originally much milder, and not sexually transmitted. Pockets of this milder form [“yaws”] still exists 
apparently in the Akwio tribe in the dense jungles of Guyana in South America. The Treponema bacillus 
that causes this is distantly related to current day syphilis, and may have arisen about 12,000 years ago 
according to the DNA analysis. 

A few weeks after sexual contact with an infected individual, a lesion appears at the site of infection. This 
sore or "chancre" is nodular, sometimes ulcerated. The lesion persists for a few weeks, then heals. At this 
point the organism is replicating in the regional lymph nodes, from which it begins to disseminate after a 
few weeks or months. At this point the organism specifically attacks the skin (causing rashes), mucous 
membranes (causing highly infective mucous patches) and lymph nodes (causing mild, but generalized, 
lymph node swelling). 

These symptoms also gradually disappear, to be replaced, usually many years later, by the tertiary stages 
of syphilis in about a quarter of infected individuals. In the tertiary stage, there is degenerative disease of 
the cardiovascular system, or the central nervous system. In the latter case there is increasing insanity; 
syphilis infection has been put forward as the explanation for why people such as Hitler and Napoleon 
behaved like axe-murderers. 

One victim was Roderic Borja, born in 1431. His name became adulterated to Borgia [yes, those 
Borgias...]. He eventually became Pope Alexander VI, and as all good Popes do, made his sons Cardinals, 
and took at least six mistresses due to his inability to.. .er... keep his quill in a single inkpot. One for each 
day with Sunday off presumably. Cesare, born 1476, and his wonderful sister Lucrezia, born 1480, came to 
symbolize the ruthless Machiavellian politics and sexual corruption characteristic of the Renaissance 
Papacy. Lucrezia herself almost certainly had syphilis - she married a duke famed for extramarital 
philandering - and she suffered repeated miscarriages - a major effect of the disease in women. 
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In one of my favorite TV shows, Blackadder, [featuring Rowan Atkinson, better known to US audiences as 
Mr Bean] somehow manages to blackmail the massively corrupt and highly promiscuous Bishop of Bath 
and Wells, who responds in admiration by saying “my God Blackadder...have you ever considered a 
position in the Church...?” 

By that time the “French Disease” had spread across Europe. A prominent physician confidently stated that 
"men get it from doing it with women in their vulvas" with the underlying reasons being due conjunction of 
the planets, the boils of Job, punishment by God, or a plague brought by Columbus’s men and deposited in 
Neapolitan prostitutes [as you can see, this transmission route suspected even then]. 

The primary treatment was mercury -- "a night with Venus; a lifetime with Mercury" - and quacks sold 
chocolate drinks laced with mercury so that infected husbands could treat their wives and families without 
them knowing. Within the royal courts the use of pancake makeup and beauty spots was to cover up the 
skin symptoms of syphilis. 


Initially, because of their lack of a peptidoglycan layer, members of the Chlamydia group of gram-negative 
bacteria were thought to be viruses. They exist in two forms; a small extracellular elementary body, and a 
larger obligate intracellular reticulate body. 

Chlamydia infects susceptible cells in the body via cell microvilli; these tend to exist in various mucosal 
areas such as the eye, cervix, urethra, rectum, and fallopian tubes. C.trachomatis has many serovars, 
including those that cause lymphogranuloma venereum (enlarged lymph nodes around the groin), 
trachoma (eye) and pneumonitis (lungs). This nasty little bug also causes NSU or non-specific urethritis 
[now the commonest form of STD in the USA, particularly amongst younger people], characterized by 
intense pain during urination. Other strains include C. psittaci, transmitted nosocomially by pet birds, and 
the TWAR strain which causes pneumonitis, and hence is now called C. pneumoniae. 

Escherichia coli is the most common gram-negative bacterium isolated from patients with septicemia. 
Usually, the symptoms originate with gut or urinary tract infections, from which they may disseminate. In 
addition, E.coli can cause meningitis in young children. 

The American Legion is an organization of all military veterans who have served overseas, ranging from 
those who risked their lives over Berlin to those who peeled potatoes and never shot anyone [after a while 
these distinctions blur, and everyone is a hero]. In 1976, at a Legion convention in Philadelphia, a large 
number of participants suffered severe pneumonia and many died from a previously unrecognized bacterial 
infection, subsequently isolated and classified as Legionella pneumophilia. The problem was, at least prior 



to 1976, was that it could not be grown on conventional media; this drawback has now been solved, and it 
is now recognized as a common cause of pulmonary disease in humans. 

Legionella are intracellular pathogens that live happily inside macrophages. Outside, they exist as 
saprophytes in the local water supply; as such, they probably should be generally regarded as 
opportunistic infections, for the reason that they generally tend only to cause serious infections in patients 
with T cell dysfunctions, or those taking immunosuppressive drugs for renal grafts or for cancer, or in those 
with pulmonary disease problems (heart-associated for instance), or heavy smokers. This latter category 
was significantly represented in the 1976 outbreak. There was a new outbreak briefly in 2015. 

The genus Borrelia are responsible for two delightful diseases: Lyme disease, and relapsing fever. Lyme 
disease, caused by B.burgdorferi, was until recently infection du jour amongst microbiologists. This disease 
is transmitted by the hard-shelled tick Ixodes, which is widespread throughout the USA. Once bitten, a 
small lesion develops in the skin a few days to weeks later, which then enlarges in a spectacular fashion 
(erythema migrans). If your physician misses this, sue him/her. If untreated, the symptoms are a bit like 
syphilis, a secondary stage of headache, chills, fever, muscular pain, etc, then a tertiary phase up to two 
years later involving the nervous or cardiac systems. There are about 30K cases a year in the USA. Recent 
studies show that the bacillus expresses an RNA helicase [HrpA] that is critical for transmission, although 
where the helicase actually works in the spirochete life cycle is still unknown. 

B.recurrentis causes relapsing fever, mainly in Africa and South America. It is transmitted to humans both 
by soft-shelled ticks (Ornithodoros) or by human body lice. An initial severe period of fever, chills, 
headache, is then followed by recovery and then several episodes of relapse. 

A final example of a pathogenic gram-negative is Vibrio cholerae. This unpleasant little beast is endemic in 
areas of the world with unsanitized water supplies. It multiplies rapidly in the gut, where it secretes a 
powerful toxin. This toxin results in intense dehydration of the individual, and is often fatal. A vaccine is 
available against cholera infection, but it is only partially effective, and affords only a relatively short period 
of protection. 

Two other groups of bacteria need to be mentioned before we move on. They are the acid-fast bacteria, 
and the atypical bacteria. 

The acid-fast bacteria are the Mycobacteria. As troublesome infections go, these are at the top of the list. 
There are an estimated 10 million new cases of TB in the world per year, and 2 million deaths. TB is the 
number one killer in the world (measles is a distant second). About 25% of deaths in the developing world 
amongst adults 18-50 are due to TB infection. In the USA the rate has been steadily falling for five 
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decades; in late 1980's this trend stopped and TB cases rose again (there were over 26,000 cases in 1992; 
predictions based upon earlier trends suggested there should have been only about 14,000). Multidrug- 
resistant strains are on the increase, and are rapidly spread by HIV-positive individuals. The combination of 
TB and HIV is becoming an explosive situation, both here and in the third world. In the 21stC TB is the 
major cause of death of HIV infected individuals. 

The most important are Mycobacterium tuberculosis, the causative agent of tuberculosis, M. leprae, the 
cause of leprosy, M. bovis, the cause of cattle tuberculosis, and M.avium, a frequent opportunistic infection 
in AIDS patients. 

Tuberculosis is spread by infected individuals by aerosol. A water droplet containing a tuberculosis bacillus 
is inhaled and deposited in an alveolar space. Here the bacillus may begin to slowly proliferate, but usually 
it will be picked up by a passing macrophage. Because M. tuberculosis is the classical example of a 
facultative intracellular bacterial parasite, this is just where the bacillus wants to be. The bacillus is carried 
to a local pulmonary lymph node, where it begins to divide rapidly, killing the original macrophage and 
infecting others. At this point the immune response begins to catch up with the infection, "activating" 
infected macrophages with interferon-y, and walling off the infection with a mantle of monocytes (this 
structure is called a granuloma). Depending upon the extent of early dissemination, the disease process 
may be arrested at this point, becoming latent in as many as 90% of exposed individuals. Such latency is 
usually seen in young people, who are sufficiently strong enough to resist the disease (at least, they are 
these days; at the turn of the century when kids were not as well nourished, TB was a major killer of 
children). As they become elderly and their immune system begins to wane in strength however, the 
disease may recrudesce from the original granulomatous lesions. In this situation there is rampant 
dissemination of the infection throughout the body (miliary tuberculosis) which is invariably fatal if untreated. 
[A classic example is Eleanor Roosevelt, who died on Valentine’s Day 1962. She had fallen ill and was 
diagnosed with aplastic anemia. To treat this she was given steroids, which reactivated her latent TB, 
killing her]. 

In the early 1990’s a particularly troublesome multidrug resistant strain emerged in Noo York City. This 
strain, “strain W’, was hoped to be of low virulence but studies [by me] showed this was not the case. 
Meanwhile in China another strain, the “Beijing” strain was giving equally bad problems. Turns out, by DNA 
finger-printing, that both are very closely related members of the same family, now called “W-Beijing”. 92% 
of strains isolated in China are from this family, as are most from Asia, Afghanistan, and Estonia. 
Unfortunately for us, so are 25% of strains in Houston. 

Although leprosy is referred to in the Bible, this term was probably used to describe a number of skin 
disfigurement conditions, and probably does not refer to the disease known today to be caused by M. 
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leprae. Leprosy cases range from a relatively mild disease, in which there are local skin lesions containing 
well-formed granulomas, to the lepromatous form in which there is massive skin involvement and 
disfiguration, little or no granuloma formation, and extensive invasion of peripheral nerve tissue resulting in 
nerve destruction. Like tuberculosis, leprosy can be effectively treated by drugs; however, these drugs are 
expensive. Third World countries can often not afford them, and hence these diseases remain a problem. 

Another group of intracellular bacteria are the Rickettsiae, often also referred to as "atypical bacteria". 
These pathogens are transmitted by arthropod vectors, such as ticks and wood louse. The most important 
is R. prowazekii, the cause of typhus, which is transmitted by a louse. Other rickettsial diseases include 
Rocky Mountain Spotted fever, and Q fever. None of these infections are recommended. 

As we mentioned above, in some cases the bacterial infection itself may not be all that threatening, but 
things may be made very much worse by the ability of some organisms to produce exotoxins. 

To give some brief examples, diphtheria toxin is a 62kDa protein that binds to the surface of cells in the 
upper respiratory tract, and is then internalized. In the cell, the toxin binds to ribosomes, blocking protein 
synthesis, and causing the cell to degenerate. The toxin also attacks arriving neutrophils in a similar 
manner. 

Tetanus toxin is produced as a single protein that is cleaved into two chains joined by a single disulfide 
bond. The heavy chain (tOOkD) binds to neuronal cells and permits the penetration of the light chain 
(50kD) which blocks neurotransmitter release from inhibitory synapses, leading to continuous spastic 
muscular contractions. The toxin is a zinc endopeptidase which cleaves synaptobrevin, an integral 
membrane protein of synaptic vesicles, somehow interfering with transmitter exocytosis. Tetanus, in 
addition to sword thrusts, spear impalings, arrows through the eye, knives in the nether regions, etc, was 
the cause of much mortality in many medieval battles. 

Cholera toxin is a protein of 82kDa. It binds to intestinal cells, inserting part of its structure into the cell 
membrane. This activates the cell adenylate cyclase enzymes, raising cyclic AMP levels, and disturbing the 
flow of water and ions. These molecules plus cell electrolytes flow out of the cell, resulting in massive 
dehydration and a drastic reduction in the blood volume. Neither of these are good for you. 

Once bacteria have escaped innate mechanisms of immunity such as lysozyme and exposure to acidic pH, 
they may be phagocytosed in the tissues by neutrophils and by macrophages. (This process may be 
delayed if the bacteria are effectively encapsulated; this delay can be dangerous to the host). Once 
phagocytosed, the bacteria are exposed to hydrolytic enzymes, and toxic oxygen radicals. 
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Acute bacterial infections usually stimulate humoral responses. This is important for three reasons; (1) 
opsonisation of bacterial particles facilitates their uptake and destruction by macrophages, (2) binding by 
antibody to the bacterium can trigger complement activation, resulting in cell lysis, and (3) the antibodies 
will bind to, and hence neutralize, any toxins secreted by the bacterium. 

In the case of intracellular bacterial infections (such as Mycobacterium, Listeria, Brucella, and Francisella) 
antibody is ineffective. Immunity to these infections is cell-mediated, and involves the generation of two key 
subsets of T cells. The first is the protective T cell, a (usually) short-lived cell that secretes cytokines (IL-2, 
TNF, and gamma interferon) resulting in local "activation" of macrophages to a state where they can 
destroy the intracellular invader, and the DTH effector T cell, which releases cytokines that facilitate the 
recruitment of large numbers of monocytes in the developing granulomatous lesion, hence effectively 
walling the organism off and preventing its further dissemination. 

...and fungi.... 

Cell-mediated interactions between T cells and macrophages are also the usual mechanism of choice in 
fungal infections, of which we shall mention but a few. 

The most common mycosis in the USA is that caused by Histoplasma capsulatum. This fungus is prevalent 
in dust and soil, especially in the central Mississippi and Ohio valleys, where 75% of the population are 
skin-test positive. The fungus is endogenous, particularly in bird guano [to put it nicely, vicar], and is often 
inhaled by poultry workers. Usually the form of the disease is a mild respiratory illness, however in young 
children or elderly individuals the disease may progress to an acute disseminated form in which necrotic 
lesions appear throughout the body, often fatally. 

[I have a fondness for [the older classic] Mummy movies, you know where a guy wrapped in bandages 
staggers very slowly after tomb raiders and yet always seems to catch them. The Curse of the Mummy 
arose after several of the explorers died soon after opening Tutenkamen’s tomb. One suggestion is that 
they probably released Histoplasma spores, which gave them fatal pneumonia] 


The causative agent of candidiasis is Candida albicans, a saprophytic dimorphic fungus. It is normally 
associated with mucous membranes, and does not usually cause disease unless the individual undergoes 
some form of immune suppression. Depending upon the extent of the suppression the disease can be mild, 
involving patches of growing mycelia in the mouth or vagina (thrush), or very severe, such as the 
disseminated mucocutaneous form seen in AIDS patients. 
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Despite the name, diseases attributed to ringworm are actually fungal, collectively called dermatomycoses. 
Of these, the most important is Epidermophyton, which is responsible for Jock Itch (a terrible disease of 
Scotsmen)*, and athlete's foot (a disease that has risen in parallel with the popularity of Reebok, Nike, etc). 

[* this joke has consistently fallen upon deaf ears, and hence needs the following information.When 

two New Yorkers meet they say "Hey, Buddy"; when two Londoners meet, they say '"ow are yer John"; 
when two Scotsmen meet, they say '"ello, Jock".]. Ha ha...ha...er...well, never mind... 


.and protozoa & metazoa. 

Turning to the Protozoa/Metazoa, we must again try to avoid reciting a large list. 

One disease worth mentioning is amebic dysentery, caused by Entamoeba histolytica. When ingested in 
raw food or water, it travels to the colon were it erodes into the gut wall. This causes acute inflammation, 
diarrhea, and colitis, and large numbers of amoeba are discharged in the feces. The organism is distributed 
almost worldwide, but is most numerous in the tropics. Because of its location in gut tissue, it generally 
avoids the attentions of an effective immune response. 


A similar etiology is associated with Giardia lamblia. This parasite was discovered (in his own stools!) by 
Leeuwenhoek. It is flagellated, and possesses a sucking disk that allows it to attach to epithelial surfaces. 
Giardiasis is transmitted by contaminated food or water, or by intimate contact with an infected individual. 
Because the organism seems content to swim and feed on mucous secretions and does not erode into gut 
tissue, it does not generally provoke the generation of host immunity. 

Trypanosomes are spindle-like flagellated protozoa that undergo sexual reproduction in the tsetse fly. T. 
brucei gambiense is responsible for the African form of sleeping sickness, whereas T. brucei rhodesiense 
is more prevalent in more southern areas of Africa and mainly causes disease in wild and domestic 
animals. Following a rather complex process of differentiation and replication in the fly's midgut [starting as 
a “stumpy form”], it migrates to the salivary glands from whence it is introduced into the blood of the human 
host by a bite [while the fly occasionally eats plant nectar as a starter, but blood is the main course]. In this 
host it multiplies by binary division in the blood, lymph nodes, spleen, and cerebrospinal fluid. The disease 
is chronic in nature, and the "sleeping sickness" aspect becomes evident when the organism invades the 
central nervous tissue. At this point the individual becomes morose and apathetic, followed by various 
symptoms of neuromuscular damage and a tendency to repeatedly fall asleep. This may often progress to 
convulsions and coma (brought on by lack of food), and death. There are no drugs or vaccines available. 


183 







Much to the delight of the Glossina community, Yale and pals published the entire genomic sequence of 
the fly in 2014. It was 360Mb in size, so about twice the size of the fruit fly we all know and love. As 
predicted, many genes encoded fly salivary molecules that prevent blood coagulation and platelet 
aggregation; others prevent gut inflammation after ingestion [all of us who have eaten a BigMac a little too 
quickly will understand]. To squeeze water out of the blood meal, the fly has ten acquaporin genes to pull 
this out of the midgut. As expected, the fly has a big array of innate immunity mechanisms, mostly pattern 
recognition systems, none of which seem to be of much use against trypanosomes. 

The South American form of trypanosomiasis is caused by T. cruzi, and is transmitted not by a fly, but by 
an arthropod, the triatomid bug. The organism grows in many organs in the infected human host, 
particularly the gastrointestinal tract, the central nervous system, and the heart. In this latter organ, the 
tissue is progressively destroyed, leading to cardiomegaly and rupturing aneurysms. 

The major parasitic disease of the world, malaria, is caused by members of the genus Plasmodium. In 
Africa 90% of all deaths from malaria [1M+] occur in children under 5yrs of age. These organisms have a 
complicated lifestyle, which involves the Anopheles mosquito as a vector. In the gut of the mosquito, 
Plasmodium undergoes a complex replication process resulting in the production of large numbers of 
sporozoites. These disseminate throughout the insect, and erode through salivary glands and into salivary 
ducts from whence they are "injected" into the human host. 

Once in the blood stream, the sporozoites invade liver parenchymal cells and undergo further development 
to a merozoite form. These are released and then enter erythrocytes, where further division takes place, 
rupturing the host cell. Whilst this later cycle continues, some merozoites form gametocytes which remain 
in the blood stream and potentially infect another feeding mosquito. Immunity can be strongly expressed 
against the blood stages of malaria, but, because of its complicated life cycle, the organism tends to be one 
step ahead of the immune response most of the time. In recent years much effort has been made to 
develop a recombinant vaccine against malaria utilizing some of the major glycoproteins of the organism as 
the target antigens. 

Some Africans are resistant to malaria, and they also lack a blood group antigen called “Duffy”. Turns out 
this blood group marker looks exactly like a chemokine receptor in its structure, though what ligand it binds 
remains unknown. It seems the malaria parasite uses Duffy to dock to the human erythrocyte. “Negative” 
people don’t actually lack Duffy, they have a point mutation [shades of point mutation in CCR5/A32 
chemokine receptors for HIV....do these two major diseases think alike?] 
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Hopefully, research into this dread disease will be facilitated by the 2002 publication of the parasite 
genome. The genome is 23-megabases long, consists of 14 chromosomes, and contains about 5300 
genes. It is the most rich A-i-T genome sequenced to date. As might be predicted, a large proportion of 
genes are devoted to immune evasion and to host-parasite interactions. 

Leishmania is found in many areas of the world. This flagellated protozoa causes two main forms of 
disease; a cutaneous "oriental sore" (L.major and L.braziliensis), and a visceral disease (L.donovani). The 
disease is usually transmitted by sandflies, in which the organism replicates in a promastigote form. After 
injection into the human host the organism resides intracellularly in macrophages, where it loses its 
flagellum and becomes an amastigote. There is substantial cell-mediated immunity generated against the 
organism, although precise mechanisms have yet to be clearly defined; this research area is one of the 
more active and interesting in the field of infection immunity. 

One side effect of the fact that humans have a predilection for the company of cats is the estimate that half 
the residents of the USA have an asymptomatic chronic infection with Toxoplasma gondii, a coccidial 
parasitic infection. (This estimate is based upon the frequency of antibody for Toxoplasma in healthy 
individuals). The organism replicates in the tissues of cats, primarily in the gut, and is shed as an oocyte 
form in feces. In human infections the symptoms are either absent or mild, with the exception of young 
children, or AIDS patients, in which the disease can be progressive and fatal. 

Schistosoma is the most important of the metazoan "blood flukes". This particularly unpleasant creature is 
represented by various strains in China, the Philippines, most of Africa, and central South America. The 
Nile Delta and the north-east corner of Brazil are particularly rife with this disease. 

The vector for Schistosoma is the water snail. It becomes parasitized by the miracidium form of the 
organism as it swims through water contaminated by human feces deposited (a nice way to put it) by an 
infected human. Inside the snail the organism replicates to give rise to cercariae possessing motile tails. 
After being shed, the cercariae swim away in search of another human host. Upon finding one, they 
penetrate through the skin and enter the blood stream or lymphatics. 

In the human host the organism grows to become a fully developed "worm" (12-18mm !) and takes up 
residence in various blood vessels (often blocking them), particularly in the liver and mesenteric tissues. 
Here male and female worms get together and indulge in sexual reproduction, producing fertilized eggs 
that erode through into the gut lumen (or via the bile ducts) and eventually into the feces. 
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About 200MM people are estimated to be infected, and about 300,000 people-plus die. Despite this there 
hasn’t been much action on the vaccine front, but this might been changing as Gates are alledgedly casting 
their mighty eye in this direction. To date, the primary treatment is a drug, praziquantel. 

Both cell-mediated and humoral immunity are mobilised against protozoan/metazoan infections, although 
the effectiveness of the response is very variable (this statement is born out by the common sense 
observation that such organisms remain highly successful). 

For some reason. Mother Nature has decided that eosinophils should be increased in numbers against 
these infections. Both mast cells (bearing anti-parasite IgE) and T cells release a factor, eosinophil 
chemotaxic factor (ECF), which (a) attract eosinophils to sites of parasitic residence, (b) induce eosinophils 
to express Fc receptors, allowing them to become focussed down onto opsonized parasites, and (c) induce 
the eosinophil to release factors that feedback to the mast cell and prevent further degranulation. The 
eosinophil itself spreads its cell membrane along the surface of the parasitic worm and degranulates. 
However, since the worm is somewhat bigger than the eosinophil (an understatement) the damage done is 
probably not that significant. 

We can make some generalizations about how parasitic infections manage to avoid the attentions of the 
immune response. 

(1) Location. By living inside cells, in the gut, in cysts, or simply just blocking up a blood vessel so that 
immune cells can't arrive, is a major mechanism of avoidance. 

(2) Antigenic variation. By undergoing periodic mutation of major cell surface glycoprotein antigens, 
Plasmodium keeps ahead of the immune response, and hinders vaccine development. Even more tricky, 
the Schistosoma worm is believed to be able to absorb host cell debris, including MHC molecules, hence 
appearing to passing lymphocytes as a "host" cell. 

(3) Immunosuppression. This category falls into two areas: (a) diversion of immunity by shedding antigens 
so that the antigens, but not the organism that shed them is the focus of the immune response 
(Schistosoma), and (b) redirection of immunity. In leishmaniasis there is good evidence, at least in 
experimental mouse models, that generation of a TH1 type of response in which IL-2, TNF, gamma 
interferon, etc, is produced may help resolve the disease, whilst a TH2 response may enhance the 
antibody response instead, and since the organism is intracellular and therefore out of reach of antibody, 
this would be ineffective, allowing the infection to thrive and kill the host. Thus individuals which select a 
different "direction" for the path of immunity (i.e. TH2 type) end up with progressive parasitic disease. 
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Further evidence for this is in mice, in which injection of antibody to IL-4 allows the Th1 response to get 
moving in otherwise susceptible animals; and in humans, in which treatment of patients with lepromatous 
leprosy [the type where your limbs gradually fall off] with Th1 cytokines injected directly into skin lesions 
can help resolve the disease. 

A loose but very important end. 

Antigen and Superantigen. 

Since the title of this section is a clear pun on George Bernard Shaw's fine work, in reverence, it must be 
read in an Irish accent. 

Superantigens are the term for a group of molecules that elicit massive T cell proliferation through 
simultaneous interaction with MHC molecules and the TCR. They seem to fall into two categories, (a) those 
that activate T cells leading to their death (T cell deletion), and (b) those that lead to T cell activation and 
massive cytokine secretion. 

Superantigens exert their effects by the novel property of being able to cross-link MHC Class II molecules 
with various parts of the variable region of T cell receptors. As shown in the diagram, they select both the T 
cell and the MHC molecule, rather than the other way around, by binding onto certain sequences on T cell 
receptors bearing a certain V region usage, and by binding outside the “cleft” of the MHC. Thus, the actual 
specificity of the T cell itself doesn’t matter, just whether it has a certain amino acid sequence in its variable 
region. 

One recent finding regards the Mis locus, once believed to be some sort of minor histocompatability locus 
gene product. In fact. Mis is a provirus (belonging to the family of murine mammary tumor viruses; MTV) 
that is integrated into the mouse genome and which encodes a gene product that leads to the deletion 
(mainly in the thymus, but perhaps also peripherally), of all T cells bearing a certain Vp usage. The virus 
itself is transmitted via colostrum to neonates, thus perpetuating the infection. The evidence for this is that 
when MTV-i- female pregnant mice suckle pups, these pups rapidly lose certain Vp-i- T cells; if the pups are 
quickly removed and nursed by MTV- surrogate mothers, these Vp-i- T cells remain present in the 
neonate’s bloodstream. 
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Antigens and Superantigens 



Normal 
presentation, 
leading to 
response to 
antigen 


Cross-binding by bacterial 
superantigen to specilic 
variable r^ion of TCR, and to 
"outside" of MHC molecule, 
leading to tr^gering of ALL T 
cells that use that particular V 
r^ion gene product. This 
results in massive cytokine 
production, often causing 
systemic shock. 


Cross-binding by viral 
superantigen present in APC 
cell membrane. The most 
Hkety consequence seems to 
be deletion by apoptosis of 
the T cell 


The second group consist of bacterial exotoxins, particularly those from Staphylococcus spp. These 
superantigens do not so readily kill or delete the T cell, but instead cause large numbers of cells to release 
cytokines, notably IL-2 and TNF, which at high concentrations give rise to the symptoms of systemic shock. 

This can be modeled in mice. In animals expressing the appropriate V genes, injection of staphylococcal 
exotoxin induces rapid weight loss, depletion of the thymus, and generalized immunosuppression. 

However, if the mouse does not express the "complimentary" V genes, or if it is deficient in T cells (like the 
nude mouse), then these symptoms don't occur. 

As for humans, it has been consistently found that females who have been lucky enough to survive toxic 
shock syndrome have a substantial usage of the gene element Vp2 in their T cell receptors (usually about 
25% of TCRs in these patients use Vp2). Thus, the causative agent, an S. aureus toxin (TSST) which has 
a predilection for Vp2, can potentially bind and stimulate about 25% of all the T cells in the patient, all at 
once [it was subsequently found that a particular brand of tampon was contaminated with this toxin and 
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was the cause of the toxic shock in these young ladies]. These T cells, thinking nothing amiss, do their job 
and secrete IL-2, TNF, etc. If we assume the average human T cell pool to be about 10^^ cells, that's about 
2.5x10^^ T cells secreting cytokines all at once. It is well known that such cytokines if infused at very high 
concentrations cause symptoms of systemic shock, thus explaining the course of events in these patients. 

The crystal structure of staphylococcus enterotoxin B was published in Nature, on 10/29/92. It has a central 
region dominated by two a-helices that appear to form a groove on either side. One side of the groove 
seems to facilitate binding to the TCR, and the other side may bind to MHC Class II. This set-up might act 
as a "wedge" with the TCR and MHC molecules in relatively close proximity. It is also possible that MHC 
binding may occur on either side of the groove, for the intriguing reason that one surface of the groove has 
an homologous sequence to the invariant chain of MHC [remember, this is the protein that covers the 
antigen-binding cleft of the MHC in the endosome prior to sticking in a peptide.] Whilst this still has to be 
completely sorted out, one thing is clear, and that is that the TCR/MHC binding sites are clearly on a 
different part of the molecule than that responsible for the emetic* effects of the toxin. 

[*belly ache, calling up Hughie on the Great White Telephone, laughing at the floor, chundering, spraying 
the Persian, playing the whale, technicolor yawning, praying to the Porcelain God, etc, etc] 


[2010]...a bit more about the flu... 

Given recent events, we should say a bit more about influenza. The virus was first isolated in the 1930’s. 
Currently, the ones of most concern are the H1NI which recently reappeared, and the “bird flu” H5N1. But 
this is nothing new of course, and flu epidemics can be tracted back to the Middle Ages. Since 1500, there 
have been at least 14 epidemics noted in history. 

Influenza-A viruses can infect lots of different warm-blooded animals. There are 16 “H” subtypes and 9 “N”. 
H1NI was prevalent through 1957, and was replaced by H2N2. In 1968 H3N2 took over, and in 1977 H1N1 
reappeared; all this is important to know because it helps figure out what your risk is based on your age [i.e 
whether you have antibodies or not]. 

The “Spanish flu” [nobody actually knows where it really arose] was an avian-descended HI N1, and thus a 
direct progenitor of the type-A viruses circulating today. As noted above, in the 1918/19 epidemic the 
deaths seen were mostly due to secondary bacterial pneumonias. Another characteristic was the age of 
the victims. The virus hit kids, as usual, but also people in their 20/30’s, but not elderly [these had some 
antibody from a previous outbreak in the 1830/40’s]. In 2009 a North American H1N2 triple reasserted virus 
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combined with a Eurasian H1N1 swine virus, resulting in the latest H1N1 outbreak. It was first seen in 
Mexico and spread widely, causing about 1600 deaths globally [i.e. not many]. Despite this, there was 
mass panic, driven by the media. Almost immediately, the news channels repeatedly told us 50 million had 
died from the Spanish flu [it took that fool Bazell on NBC about a microsecond to blurt this out], the head of 
WHO handwaived, and [of course] Fox News blamed Obama for the whole thing. 

In 2014 new data came out about the “Spanish flu”, when a comparison was made of MINI in humans, 
true MINI in swine, and the flu viruses around at the time in general [1918 out to 1957]. This found that the 
HI N1 in humans did not in fact jump directly from birds to humans [as was thought] but that an HI virus 
somehow picked up other genetic material from a bird flu strain. At the time of the Spanish flu plenty of 
people in the 20-40 year old age [who suffered most] had been exposed to H3N8 [around from 1880 to 
1990] but had no antibodies to HI or N1. Elderly people did far better, because of exposure to H1N1 in 
epidemics prior to 1880. So, it all comes down to when you were born - people born between 1930 and 
1960 haven’t seen H7 and N9, whereas those born between 1970 and 2000 have a problem with H5N1. 

If anything is actually scary here, it may be the bird flu. H5N1 in poultry as a problem arose in a small 
human outbreak in Hong Kong in 1997, and it has continually risen since then, with more and more “spill 
over” into humans [few deaths though, so far], mostly all over Asia [also to Europe and African but just in 
wild birds so far]. Because we have different a-linked sialic acids on our HA receptors, it seems unlikely the 
avian viruses can adapt to bind these. Another problem is the widespread use of anti-viral drugs in the 
poultry industry, running the risk of making drug resistant viruses. This might screw up the very few we 
have for human influenza; oseltamivir [TamiFlu]* which blocks the neurominidase, and the ion-channel 
blockers [adamantanes]. 

*ln the winter of 2013 a minor punch-up began between Roche, who makes this drug, and the Cochrane 
people [who crunch trial data] about just how good TamiFlu actually is. This is big money, the WHO 
recommended countries stockpile it after the 2004 scare. Lots of accusations flew about, mainly about 
Roche sitting on data it didn’t want people to see, etc. Bottom line [still] is that it seems to help you feel a bit 
better if you take it within a day or so of symptoms, but there is no evidence it prevents complications of flu 
[there are too few anyway to draw any real conclusions]. 


Update: 2013....they did WHAT??!! 

In 2011 two laboratories, both funded by the NIH, used a gain-of-function approach to rebuild H5N1 so it 
could be transmitted in the main animal model, the ferret. That’s right, here we have a bird flu that isn’t 
likely to cause human to human transmission, so we’ve built one that now can. 
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This caused outrage, not to mention whether their P3 labs were up to scratch. Our biosafety boys at CSU 
would have had a heart attack. 

Quickly, a 60-day moratorium was agreed on, quickly extended to a year. Lots of committees got formed, 
as usual. 

In March 2013 the NIAID guys put out a “framework for decisions” and described all the grant review 
failsafes that would be in place. You should read it, it is typical NIH hand-waiving pathetic bullshit. 

. . . and then. 

Up pops H7N9. At first it was a case of don’t panic, doesn’t kill birds, nothing to see here, but by the Spring 
of 2013 there were 108 cases and 22 fatalities, with a report in 8/2013 suggesting that maybe a case had 
arisen from human to human transmission rather than bird to human. The Chinese were ready for once, 
and culled huge numbers of chickens and pigs. 

By the Fall the score was 135 infected and 45 dead, but the good news was that it had mostly disappeared. 
It looks like most people got it directly from live poultry - good news, because direct human to human 
would be scary. Less good was the news it was evolving, swopping at least six major genes with H9N2, a 
virus found in quail. One way to solve all this would be to just cull all the poultry in the outbreak areas, but 
this raises a cultural issue, in that Chinese people like fresh food, and most would not buy frozen/packaged 
chicken shipped from other areas. 

Like H5N1, the H7N9 variety was a triple reassortant, getting its eight gene segments from three different 
sources - the H and N from wild birds, the rest from waterbirds and poultry via H9N2 viruses. H7N9 carries 
a mutation in the H [Gin to 226 Leu] that helps the H bind a2-6 sialic acid receptors allowing aerosol 
transmission. Adaptation to humans appears to have been rapid - it took it 57 days to infect 100 people 
compared to 3 years for H5N1. 

Based on epidemiology, a safe bet for the 2014 vaccine program was H3N2, and indeed so it proved. 
Problem was..., this virus underwent antigenic drift [as happened in 2009], so that vaccination was only 
19% effective. In other words, crap. 
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20. IMMUNITY TO TUMORS. 


Approximately half a million people develop cancer in the USA each year, and of these about 60% will die. 

In fact, cancer is the number two killer of people in this country, second only to cardiovascular diseases. 

The ability of cells to become cancerous is as old as the hills, probably going all the way back to the dawn 
of time when we decided it might be fun to be multicellular organisms. Lesions have been described in the 
bones of dinosaurs that have been attributed to cancer, whilst one of the earliest civilizations, the Egyptians, 
devoted one of their hieroglyphics to the description of the disease. 



prom. th& EdwuiSmahpopyrvs, doored gs & oi/j I600BC 


The terms cancer and carcinoma were coined by Hippocrates. Apparently, he felt that the progression of 
breast cancer looked somewhat like the shape of a crab. Those of you astronomically minded will see the 
derivation of the word cancer. All this was scientifically sound; however his attribution of the incidence of 
cancer to a surfeit of black bile was perhaps a little more shaky. 

In the 1800's our appreciation of the cellular nature of tumors expanded enormously. Muller, in 1838, 
showed that tumors were made up of cells, whilst in 1872 Waldeyer showed that cancer cells could enter 
the blood and lymphatic circulations, and hence give rise to new tumor masses at distant sites 
(metastasizing tumors). 

Also at about this time, various theories were being proposed to explain why cancers arose (finally, after 
many centuries, replacing the black bile theory!). These theories consisted of (1) that tissue irritation 
induced cancer, such as those caused by chemicals; (2) that some cancer cells were present in the body at 
the embryo stage, but did not begin to grow until much later in life (the embryo rest theory); and (3) that 
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infections by microorganisms such as bacteria or protozoan parasites could induce cancer. All of these 
theories have proved correct, at least to some degree. 

When a cell becomes cancerous, it begins to divide and increase in numbers (hyperplasia). The local 
tissue becomes a disorganized mass, and the cell type may actually transform (metaplasia). There may be 
invasiveness into neighboring tissues, and the cell mass may change in terms of its arrangement and the 
sizes of individual cells (dysplasia). At this point the cell mass may be big enough to constitute a new tissue 
(neoplasm), whilst small lumps of cells may break off, erode into blood or lymph vessels, and float off to 
give rise to new tissues elsewhere (metastases). When the neoplasm reaches a palpatable size, it is called 
a tumor*, and the disease is called a cancer. [* At least in America it is called a tumor (and is pronounced 
too-mer). Elsewhere, it is a tumour (pronounced tu-ewe-more)]. 

Tuewemores, sorry toomers, can be either benign or malignant. Benign tumors reach a certain mass and 
stop, or at least divide very slowly; moreover, they do not metastasize. Malignant tumors, on the other hand, 
divide rapidly, invade surrounding tissues, and metastasize. 

The development of a cancerous cell is a complex process. The first step is initiation, where acquisition of 
mutations due to exposure to carcinogens or germline transmission comes into play. Then there is a period 
of promotion of tumor growth due to local conditions, and then progression, where invasive growth begins 
and potentially metastases. 

The terminology for tumors obviously arose from people interested in embryology, because the nature of a 
tumor is described in terms of the embryonic tissue (ectoderm, endoderm, or mesoderm) that gave rise to 
the tissue from which the tumor arose. Thus if the tumor arises in ectodermal or endodermal germ layer 
tissues, it is called a carcinoma, whilst if it arises from mesoderm, it is called a sarcoma. If it comes from all 
three (a multiple tissue cancer) it is called a teratoma. Unless you have a brain the size of a peanut, you 
will have noticed the use of the term -oma to describe tumors in general. 

Thus, to give a few brief examples, gastric carcinoma is an example of a epithelial tumor, whilst 
fibrosarcoma is an example of a connective tissue tumor. Hepatocarcinoma is a type of liver cancer, whilst 
lymphosarcoma and thymoma are examples of lymphoid tissue cancers. One term you might also come 
across is -blastoma, which refers to tumors in which the tissue pathology resembles a primitive or 
embryonic type. 

The epidemiology of cancer is very interesting, and illustrates the many factors that seem to influence the 
incidence of the disease. The incidence of various cancers in the USA is shown below, broken up by sex: 
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Different areas of the world have different incidences of cancer. For instance, lung cancer is very prevalent 
in Britain, stomach cancer rates are very high in Japan, and colon cancer is prevalent in Connecticut. 

[The importance of epidemiological factors is illustrated by the example of the high rate of stomach cancer 
in Japan but very little colon cancer, and the fact that the incidence is the reverse in the US. However, 
Japanese emigrating to Hawaii in the first half of the 20'*^ century saw a reversal in trends due to their 
exposure to the western style diet.] 

Cancer rates in different countries.... 




1 

2 

3 

4 

5 

UK 

Male 

lung 

Prostate 

Colon 

bladder 

stomach 


Female 

breast 

Colon 

Lung 

ovary 

uterus 

USA 

Male 

prostate 

Lung 

Colon 

bladder 

lymphoma 


Female 

breast 

Lung 

Colon 

uterus 

lymphoma 

Japan 

Male 

stomach 

Colon 

Lung 

liver 

prostate 


Female 

stomach 

Colon 

Breast 

Lung 

liver 

Australia 

Male 

prostate 

Colon 

Lung 

melanoma bladder 


Female 

breast 

Colon 

melanoma Lung 

lymphoma 

Russia 

Male 

lung 

Stomach 

Colon 

bladder 

prostate 


Female 

breast 

Colon 

stomach 

cervix 

uterus 

Congo 

Male 

liver 

Prostate 

stomach 

lymphoma lung 


Female 

cervix 

Liver 

stomach 

breast 

lymphoma 

India 

Male 

Mouth 

Pharynx 

Lung 

esophagus larynx 


Female 

uterus 

Breast 

Mouth 

ovary 

esophagus 

Brazil 

Male 

prostate 

Lung 

stomach 

colon 

mouth 


Female 

breast 

Cervix 

Colon 

uterus 

stomach 
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A number of cancers can be attributed to lifestyle. Alcohol abuse can lead to liver cancer, whilst tobacco 
smoking or chewing is clearly responsible for lung, pharyngeal, and bladder cancer, and for cancer of the 
mouth, respectively. 

There is evidence that intake of collagenous "fiber" may reduce the incidence of colon cancer. In most 
balanced Western diets there is probably sufficient, although this has not dampened the commercial 
onslaught by the breakfast cereal companies. 

Finally, the higher incidence of cervical carcinomas amongst prostitutes, compared to nuns, has suggested 
that sexual promiscuity may cause this form of cancer. This (French...where else....) study has not been 
repeated or confirmed! 

There are known instances of "occupational carcinogens". Asbestos workers are (or at least were) prone to 
lung cancer, whilst working in shoe or furniture repair has been associated with increased incidences of 
nasal carcinoma (attributed to inhalation of glues and other organic compounds). 

In general, it is probably true to say that cells don't wake up one day and decide to be a tumor. Instead, 
they probably have to be induced to become cancerous, although the term induction probably 
encompasses a large number of possible mechanisms. 

Any agent that induces cancer is called a carcinogen. A well-known carcinogen is radiation; this comes in 
two forms, high energy ionizing radiation, and low energy ultra-violet radiation. 

The damaging effects of radiation have only been precisely known for a few decades, dating back to the 
development of the nuclear bomb. When these weapons were being tested, (which involved taking 
fabulously beautiful Pacific atolls, buying them off the natives for beads and hand mirrors, and then 
atomizing them), the observing sailors were told to wear dark glasses to protect their eyes from the blast. A 
lead overcoat would have been more appropriate, given the disproportionally high incidence of leukemia in 
these individuals in the years since. 

A high incidence of leukemia was recorded in radiologists before better X-ray machines were developed, 
and a similar event occurred in workers using radium to paint the dials of watches and various instrument 
panels in fighter planes. The dial glowed in the dark, as did the workers. 
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High energy radiation penetrates through the body tissues, and preferentiaiiy affects dividing tissues, such 
as biood ceiis (inciuding the stem ceiis in the bone marrow) and iymphoid tissue. Thus, the major cancers 
induced are ieukemias, thyroid and breast carcinomas, and osteosarcomas. 

Low energy radiation, emitted by the sun, does not penetrate the body, so is ieft to do its damage at the 
ievei of the skin. As you might guess, the incidence of skin cancers is highest in sunny reaims occupied by 
iight-skinned peopie, such as Caiifornia, Fiorida, and Austraiia. 

The important concept of chemicai carcinogenesis is attributed to Percivaii Pott, a British physician, in 1775. 
Pott observed a iarge number of cases of scrotai carcinoma in peopie, mainiy adoiescent boys, who had 
worked as chimney sweeps. He surmised that contact with soot particies, which became trapped in the 
skin foids of the scrotum, subsequentiy induced the cancer. 

The iife of a chimney sweep was not pieasant. Sometimes soid to the chimney sweep gangs (sometimes 
even kidnapped), these boys iived in horribie conditions in which daiiy washing of the testicies was not high 
on the priority iist. The poem of Wiiiiam Biake sums it up. 

When my Mother died I was very young 
And my Father sold me while yet my tongue 
Could scarcely cry weep, weep, weep 
So your chimney I sweep and in soot I sleep. 

in 1915 a group in Japan finaiiy confirmed Pott's suspicions, by showing that appiication of coai tar to rabbit 
ears couid induce maiignant epidermai tumors. Since then an enormous iist of chemicai carcinogens has 
been complied; high on this iist are poiycyciic hydrocarbons (in soot and tar), and benzene derivatives such 
as benzidine, benzopyrenes, and methyichoianthrene. 

Various bioiogicai agents, such as hormones, can be carcinogenic. For example, the widespread use of 
oral contraceptives in the early 1970's containing the synthetic oestrogen diethylstilbestrol was associated 
with an increased incidence of uterine, vaginal, and cervical cancer in young women. Since then other 
synthetic contraceptives have been discovered which have proved to be much safer and effective at much 
lower doses. 

In the case of breast cancer, there appears to be a link between incidence and a long menstrual history (i.e. 
early menstruation and late menopause), or having children over the age of thirty. One explanation for this 
might be that the more often a female undergoes a series of hormonal changes, the more likely this may 
induce breast tumors. 


196 




Viral infections that induce cancers are called oncogenic viruses, a name that reflects their possession of 
an oncogene that transforms infected cells and induces them to become neoplastic. There are many 
examples, such as the myxoma viruses which induce fibromas, herpesviruses that cause Marek's disease 
in chickens and lymphoid tumors in monkeys, and papillomaviruses that have been implicated in cervical 
carcinoma. 

The retroviruses comprise a discrete group of oncogenic viruses. These include the lentivirus family 
(visnaviruses), the leukemia viruses of mice and cats, and the Rous sarcoma viruses. 

A number of toxins may be carcinogenic, particularly the Aflatoxin B produced by Aspergillus flavus. This 
fungus grows on farm produce such as grain, if stored in warm humid conditions, and on poultry flesh 
(especially turkey). When the toxin is ingested by humans or domestic animals, it causes liver cancer. 

A number of parasitic infections can induce cancer, such as sarcomas that grow around the encysted 
forms of Spirocerca (in dogs) and Schistosoma (in humans). 

. and what about immunity to tumors ? 

For a while there was a feeling that immunity was not expressed at all to tumors. After all, they just keep 
growing bigger, so maybe nothing is trying to stop them. Also, they arose from "self" tissue, so why should 
we react to them. 

This latter question was answered by the proposal that tumors express new, immunogenic tumor specific 
antigens. This idea was shaky at first, because it was initially difficult to identify such antigens, but 
gradually the accumulating evidence became undeniable. 

In my opinion, one way to begin to appreciate the nature of immunity to tumors requires an understanding 
of the concept of concomitant immunity. This term arose initially from the experiments of Foley in 1953; in 
these experiments a sarcoma was allowed to grow to a moderately large size on a mouse and then tied off 
(to restrict the blood flow so the tumor would not grow further). Then, a small inoculum of the same tumor 
type was implanted at a separate site. This tumor grew for a short while, but was then rejected. 

This experiments thus showed that the original tumor had indeed generated an immune response, but this 
response was too weak to affect the tumor growth; on the other hand, however, it was sufficiently strong 
enough to reject the much smaller second implant. 
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Concomitant immunity can thus be defined as the ability of the animal to reject a small implant of a tumor 
whilst bearing a large progressively growing tumor of identical type. We will return to this concept a little 
later. 

A number of subsequent experiments, such as those by Klein, that showed that killed tumor cells could 
"vaccinate" mice against challenge with a live implant, indicated that tumors express structures that are 
antigenic. We now know that tumor-specific antigens come in various varieties. These include antigens 
arising from mutations or translocations of normal cellular genes [catenin, cdk4, ras], abnormally expressed 
"normal antigens" such as testicular cancer antigens and differentiation antigens on melanocytes, and true 
tumor-specific antigens, not found on normal cells. In addition, simple over-expression of normal antigens 
[p53, Her2/neu] can potentially serve as a tumor antigens. 

To give further examples, raised alpha fetoprotein levels in pregnant females is known to be indicative of 
fetal liver carcinoma, whilst production of carcinoembryonic antigen in adults is associated with colon 
cancer. This latter material, CEA, mediates cell adhesion between colorectal tumor cells, and is Ig-like in 
structure, and is now known to be a member of the Ig-superfamily. Other examples include the gp95 
melanoma protein, and p85, a heat-shock protein expressed by sarcomas. 

Another important example is a-fetoprotein. It is raised in certain liver cancers and testicular cancer, and 
can be used as a predictive marker. 

Once it was established that immunity to tumors did indeed exist, the flood gates opened and a large 
number of immune responses were described against tumor-specific antigens. 

Invasive tumors are inflammatory, and hence attract the attentions of large numbers of macrophages, and 
T cells into the tumor bed. The macrophages process and present tumor antigens to delayed-type 
hypersensitivity effector T cells, which recruit monocytes into the site; and to helper T cells, which release 
IFNy, lymphotoxin or tumor necrosis factor, and which nudge B cells to secrete anti-tumor antibodies. 
Cytolytic T cells recognize the tumor as well, either by association of tumor antigens with (self) MHC Class 
I molecules on the tumor cell, or by seeing self Class I molecules which have mutated on the rapidly 
dividing tumor cell in such a way so they now look like a different MHC haplotype (and thus are seen by 
alloreactive cytolytic T cells). 

A number of other cells get into the act as well. Neutrophils arrive in response to inflammatory signals, as 
do natural killer (NK) cells, a population of large granular cytolytic cells. This cell has two characteristic 
markers, the glycolipid asialo GM and the protein NK1.1, which are used to define it. In addition, it has a 
characteristic receptor [CD16] for the Fc region of antibody, allowing it to focus down and lyse tumor cells 
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coated with antibody, a process known as antibody-mediated cytotoxicity (ADCC). Probably related to this 
population are lymphokine-activated killer cells or LAK cells, described a decade ago by Rosenberg and 
his colleagues, which require exposure to IL-2 before becoming cytolytic for tumors. T cells that invade 
tumor tissues are referred to as “tumor infiltrating lymphocytes” orTILs. 

[Rosenberg put his ideas to the test in the mid-80’s in clinical trials in which patients with advanced 
melanoma were treated with infusions of IL-2. Out of ten patients three seemed to get better and five 
quickly died. The side effects, particularly fluid retention, were terrible. Rosenberg resurfaced again in late 
2002. Instead of infusing IL-2 he took reactive T cells out of patients and expanded them in vitro before 
injecting them back. This didn’t work too well either but he still got into Newsweek]. 

Rodent NK cells have a family of receptors, Ly49, that binds to Class I MHC on adjoining cells. This is 
called a killer inhibitory receptor, because binding turns the cell off. As we discussed above, if Class I is 
missing or is altered in some way [like it can be on tumors], the NK cell then lyses the other cell [the so- 
called “missing self” mechanism of protection against tumors]. Humans have 14 KIR genes, all on 
chromosome 19. NK cells also have a CD94/NKG2 complex receptor which mediates cell cytotoxity, and 
NKG2D receptors, that recognize cells under stress that are abnormally expressing the Class-lb molecules 
Rae-1 and H60. 

These latter mechanisms can be essentially regarded as innate forms of immunity to tumors. The concept 
that we have cells that are constantly looking out for tumors is known as immunosurveillance (however, we 
should note that not all tumor immunologists favor this concept). The NKs mentioned above are probably 
playing a major role in this process. 

The immunosurveillance model states that tumors are “non-self” and that a large amount of energy is 
devoted by our immune system to constantly monitor for such cells and eliminate them when they arise. 
The second, newer idea, falls into our friend the “danger model”; in this idea, we simply usually do not see 
tumor cells because they don’t induce the danger signals [i.e. costimulatory signals] pathogens do. 

The immune system probably uses two main mechanisms to kill tumors; death domain receptor pathways, 
and granule exocytosis. In the first, the T cell expresses CD95L, which binds CD95 on the tumor, triggering 
apoptosis. In addition, NK cells express TRAIL, which hits TNF family receptors on the tumor and also 
triggers apoptosis. This works by switching on caspase 8 in the cell. This then activates additional 
“executioner” caspases 3, 6 and 7 [great...huh!] which in turn cleave cellular “death substrate” molecules, 
which finish the job. 


199 



All this is under tight regulatory control, by the Bcl-2 family and others. [A lot of work is going on here, 
because if you could manuipulate this, you could induce apoptosis in tumor cells therapeutically....such as 
using anti-sense oligonucleotides or dsRNA interference]. 

Macrophages and neutrophils kill tumors by releasing superoxide, NO, antimicrobial peptides which also 
seem to work against certain tumor cells, metaproteases, etc, basically the kitchen sink. 


Okay, so what's wrong with this picture . ? 

Clearly, if we have all these mechanisms, why do so many people die of cancer. There are numerous 
explanations, many of which are almost certainly correct [see table below for synopsis]. A good place to 
start is the generally accepted "sneaking through" hypothesis, which states that by the time you begin to 
mount an immune response to the tumor, it has already become too big to do anything about. To this we 
should now add a corollary, namely that when a tumor progressively grows to a certain size, it can induce a 
specific immunosuppression of concomitant immunity. 

Our understanding of this concept has arisen in the past few years from a series of elegant experiments 
performed by the American scientist North and his colleagues. What they did was to ask the question of 
how one could actually measure the generation of concomitant immunity in a mouse bearing a 
progressively growing tumor. They knew this was mediated by T cells, so what they did was to remove 
such cells at various time intervals from tumor-bearing mice, and to infuse these T cells into irradiated 
recipients (mice that had been sublethally irradiated so that they couldn't express immunity of their own). 

A few days before getting the T cells, the recipient mice were given an implant of tumor cells (of the same 
type as were growing on the T cell donor mice). What these workers found was that if T cells were taken 
from the donor mice in the first week after the tumor implant, then they didn't have any effect on the growth 
of the implant on the recipient mice, when infused into these animals. 

However, if the T cells were taken around about day 9 or 10 from the donors and infused into the recipients, 
then now the implant on the recipients was rejected. This effect could be shown using cells taken after 
another few days, but the effect began to wane, and by day 16-18 the transfused cells no longer affected 
the tumor implant growth. 

The lack of ability of day 1 -7 cells to cause rejection was easily explained; obviously the donor mice had 
not generated any immunity to the tumor in that time interval. By day 10 concomitant immunity had 
emerged in the donors, but too late to stop the progressively growing tumor on these animals. However, 
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these cells could transfer immunity to the recipient mice, in which the tumor implant was still quite small, 
and hence could be handled by the infused T cells. 

But after this, where did the immunity go? A critical series of experiments by North revealed the answer. He 
found that if day 18 (or so) T cells were taken from the donors (in which the tumor was now getting really 
big), and mixed with T cells taken at a point at which concomitant immunity was at its peak, then mice into 
which these two cell populations were co-infused were now unable to reject a tumor implant. Since control 
experiments showed that the latter T cell population alone would reject the tumor in the recipient, then it 
followed that the day 18 T cell population was actively interfering with the concomitantly immune T cells. 

In subsequent experiments, the basis of these mechanisms was figured out. The immune cells are CD8+ 
cytolytic T cells that are generated about a week after the implant is given to the donors. After about two 
weeks, however, a second, CD4+ T cell population begins to appear in the donor mice, inhibiting the CD8 
population and allowing the tumor to grow progressively. This inhibitory cell is highly specific, in that it will 
not suppress concomitant immunity to a tumor of a different type to that which induced it. 

[I suspect that what North actually observed here, but did not realize it at the time, was that the CD4 
population he had identified is what we now call regulatory T cells]. 

Some other hypotheses should also be considered. For instance, there is good evidence that tumor- 
specific antigens may be lost, or modulated, or that they may be masked by antibody. Moreover, the 
macrophages that infiltrate the tumor tissues, which we would regard as bad for the tumor, can actually 
have the reverse effect because of their penchant to release growth factors such as angiogenin, which 
promote vascularization of the tumor bed, and hence better growth of the tumor cells. 

Tumor cells can also "hide", in the sense that they can be covered by layers of fibrinogen or thrombin, 
inhibiting host cells around them from killing them. Less well understood is the growing evidence that tumor 
cells also can become resistant to cytokine-mediated killing, perhaps as a result of altered signal induction. 

Exposure to viral antigens at birth (such as mouse mammary tumor virus which is transmitted in colostrum) 
may tolerize the immune response (by superantigen-mediated T cell deletion) so that it fails to recognize 
viral antigens. These antigens then appear on the surface of the virally transformed mammary tumor cells, 
but go unnoticed. 

Perhaps the main problem, however, is that of metastases. It is probably true to say that the majority of 
deaths from cancer are caused by the growth of metastases that are resistant to conventional treatment. 

As we said above, metastases are caused by the detachment of tumor cells from the main mass. These 
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tumor emboli erode into the blood vessels or lymphatics and travel to distant sites where they be come 
stuck (usually in a capillary bed), perhaps as result of their expression of adhesion molecules. Once 
established, they instigate another tumor mass, which the immune system has to "catch up" and find once 
again. 

Associated with this is the degree of expression of MHC molecules, which can vary as a result of the 
genetic instability of the metastasizing tumor cells, and as a result of the exposure of these cells to 
interferons. Current evidence indicates that the more MHC is expressed by tumor cells, the more likely they 
are to successfully metastasize. They also become less sensitive to killing by NK cells, although why this 
happens is unknown. 

There are probably multiple mechanisms of tumor escape. There may be a lack of immunogenic tumor 
epitopes, or these may be modulated [in the same way you occiliate phaser frequencies to kill Borg] or 
masked. Another aspect is the simple fact that some tumor cells are very difficult to kill, either intrinsically 
or because of tactics such as secretion of cytokines by the cell that down-regulates the responding 
immunity, antigen shedding, induction of tolerance [providing signals that induce T cell apoptosis, such as 
via Fas-L]. 

Carcinogens, such as those in tar, can directly kill T cells. Your immune response may be weak, due to 
infection, or due to old age. Your presenting cells may not present tumor specific antigens well enough. 
Above all, there may be a basic “design fault”....your immune system evolved to fight infections...but it 
didn’t evolve to recognize or fight cancer. 


Tumor escape mechanisms 


Strategy 

Mechanism 

Size 

Tumor gets too big to destroy 

Ignorance 

No danger signals 

Tumor Ags never reach lymphoid organs 

Tumor grows in privileged site 

Physical barriers to immunity [stroma] 

Impaired Ag presentation 

Mutation/down regulation of tumor Ags 
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Mutation/down regulation of MHC 

Defects in self Ag processing 

Immunosuppressive 


factors 

Cytokines [TGPp, IL-10] 

Prostaglandins 

Tumor molecules inducing T cell apoptosis [RCAS1] 

Tolerance 

Induction of anergy due to lack of costim molecules 

Immune deviation/wrong response 

Regulatory T cells [CD4+Foxp3+] 

T cell deletion 

Resistance to apoptosis 

Expression of anti-apoptotic molecules by tumor 

Down regulation/mutation of pro-apoptotic molecules 

Loss of death receptors by tumor cells 

Counterattack 

Fas-ligand expression 

Expression of ligands possessing death-domains [TNF family] 

Immunoediting [attack by immunity selects for most resistant individual tumor 

cells. 


Treatments; conventional and otherwise... 

Therapy of tumors actually goes back to experiments by Coley in 1892. He would take abscesses due to 
bacterial infections and inject the “laudable pus” into tumors. Occasionaly, this even worked [probably due 
to the LPS from the bacteria triggering TNF production by the macrophages in the tumor bed]. This is 
probably the basis of a modern day therapy, BCG bacteria for bladder cancer, which is very effective. .[This 
arose from observations in 1929 by Ray Pearl at Johns Hopkins that people who died of TB only rarely had 
bladder cancer]. 

In general though, treatment of cancer traditionally has consisted of two methods. The first is radiotherapy, 
in which ionizing radiation is focussed down onto the area of the tumor mass and surrounding tissues 
(particularly draining lymph nodes). This ionizes the DNA in the replicating tumor cell, causing the cell to 
die. 
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The second is chemotherapy, using alkylating agents such as cyclophosphamide to bind to replicating DNA, 
again causing cell death. Of course, the problem with both techniques is that other replicating tissues can 
also be destroyed. In cyclophosphamide therapy, there is hair loss, skin rashes, and gut problems as a 
result of the destruction of dividing cells in these tissues. 

There are a number of less conventional techniques also being developed, some of which may be of 
considerable potential. 

One such method involves the use of the poison ricin, which came to fame thirthy or so years ago in 
London as the result of an assassination. A Bulgarian defector, Georgei Markov, was working for the Radio 
Free Europe radio station broadcasting to the (then) communist East. Apparently the nature of his 
broadcasts were somewhat offensive to the Bulgarian government and their then charming bedfellows, the 
KGB, and so arrangements were made to have the problem disappear. 

Whilst this broadcaster was crossing Waterloo Bridge in London one day, he was shot by a passer-by 
wielding that very British instrument of gentility and rain-avoidance, the British brolley (umbrella to you non¬ 
limeys). It is thought the umbrella actually contained an airgun of some sort. 

The assailant jumped into a taxi and sped away, leaving Markov rubbing a sore spot on his leg caused by 
the "brolley stab". When he got to work, he looked at his leg, but all he could see was an angry red spot 
like an insect bite. That evening, at home, he began to feel very unwell, and called a doctor who diagnosed 
the flu. The next day his condition worsened, and he was admitted to St. James' Hospital in South London 
with suspected septicemia, where he promptly died. 

Enter the Secret Service. They took the body to Porton Down (Britain's Chemical Warfare Center) where 
upon autopsy a tiny ball-bearing or pellet was found in a leg muscle. One end of the pellet had been 
flattened by the impact, but the other end still retained a small cylindrical hole drilled into the metal. This 
cylinder was examined and found to contain traces of the substance ricin, a material, the British tabloids 
raved, that was stronger than cobra venom. 

Ricin is a powerful toxin that agglutinates and lyses red cells, amongst other unpleasant effects. It 
penetrates the cytosol where it enzymatically inactivates Elongation Factor 2 on the 60S part of the 
ribosome, thus preventing protein synthesis and killing the cell. About two barrels of it would kill the world. 
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What has this got to do with tumor immunology ? Well, not much, except ricin is now being tried in a 
positive way, as a magic bullet. This term has actually been around for a while. It refers to the idea of 
"focussing" a poison such as ricin at a particular site by means of attaching it to an antibody molecule. 

Thus, the idea would be to make a monoclonal antibody against a given tumor-specific antigen, and then 
attach a ricin molecule. When injected into an individual with such a tumor, the antibody will "deliver" the 
poison to the tumor cells, which will then be killed. This approach is in its infancy, but obviously has 
considerable potential. Right now the main problem is "selective delivery"; magic bullets tried so far only 
get about 0.01% of the antibody inoculum to the tumor target, something that will have to be considerably 
improved. So far, only a few clinical trials have been performed using this method. These include use of 
ricin-conjugated anti-B cell (CDS marker) antibody in leukemia, which gave rise to a transient improvement, 
and against breast carcinoma, in which severe side-effects curtailed the trial before completion. 

Much of the side-effects can be attributed to the ricin molecule, which is not a nice chap, not the sort you'd 
invite to tea. This has been improved by using deglycosylated ricin A chain (dgA); a recent trial using dgA- 
conjugated to antibody to the CD22 marker on B cells has been used in treating B cell lymphoma. 

Whilst on the subject, substantial headway has been made in the past few years into the precise chemical 
nature of tumor-specific antigens. For instance, a major antigen of melanomas is disialoganglioside GD3, 
against which a highly lytic monoclonal antibody, R24, has been produced. 

The idea of using lytic antibodies (usually of the lgG2a or lgG3 isotype) specific for such antigens is an 
exciting avenue. These antibodies can induce complement-mediated lysis of tumor cell targets, can 
mediate ADCC mechanisms, can block vital receptors on the tumor cell surface inducing apoptosis, or can 
be tagged with drugs, toxins [the latest to be used is calicheamycin], or with highly radioactive compounds 
(such as Y®°, or radioactive gold particles). In fact, the use of lytic antibodies is not new, in that it is 
about 10 years since the first "therapeutic monoclonals" were used against colorectal cancer, and against 
acute leukemia. 

One drawback of using monoclonal antibodies, however, is that they are usually made in rodents, and 
hence are immunogenic when injected into humans. Moreover, the emerging clinical experience indicates 
that rodent antibodies just simply don’t work. But fear not, for some bright sparks have addressed these 
problems in a brilliant manner, by creating chimeric mouse-human antibodies which, because they contain 
long "human" sequences, are far less likely to induce immunity. 

One such chimeric antibody was derived from a mouse monoclonal antibody, L6, which is specific for a 
carbohydrate antigen found on a variety of human carcinomas. By genetic engineering approaches the 
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variable region genes encoding for L6 were attached to a human gamma chain constant region gene using 
restriction enzymes. These genes were then transfected into lymphoid cells, which then translated the 
gene message into chimeric antibody molecules. Thus, most of the resulting molecule was "human", whilst 
the business end was derived from a mouse monoclonal antibody. Testing of these molecules showed that 
they fixed complement, and mediated antibody-dependent cytotoxicity very efficiently with human cells or 
sera (something murine antibodies aren't so good at). 

By 2000, multiple clinical trials were ongoing using monoclonal antibodies. These include against 
lymphoma antigens, against some of the sticky glycoproteins seen in breast, colon, ovarian, and lung 
cancers, and stromal antigens seen in certain epithelial cell tumors. 

As of 2002, the FDA had approved three antibodies for clinical use [anti-CD20, anti-CD52, and anti- 
HER2/neu; all “humanized chimeric antibodies”] 

Along the same lines is the idea of hybrid antibody molecules, in which one binding site sticks to the tumor 
cell, and the other to a cytolytic T cell, macrophage, or NK cell. Another approach is to shuffle the Fc region 
of the tumor-binding molecule, so that it behaves as an avid binding site for Fc receptors on the cytolytic 
cell population. 

In the past couple of years, advances have been made in identifying human cancer antigens that are 
specific T cell targets, notably cytolytic CDS cells. Examples are [a] testis antigens; MAGE-3, NY-ESO-1, 

[b] melanocyte antigens; MART-1, tyrosinase, gplOO, [c] point mutations, such as catenin, MUM-1, p53, 
ras, [d] over-expressed “self” antigens; Her-2/neu, MUC-1, and [e] viral antigens such as Epstein-Barr, 
human papilloma virus. 

An area of therapy that has been around for a while is the use of biological response modifiers. One such 
is BCG, the tuberculosis vaccine, which has an enormous "activating" effect on macrophages. (The 
vaccine is not effective against most forms of cancer, but can cause regression of melanomas if injected 
intra-lesionally. More recently, as mentioned above, BCG has also proven very useful in treating superficial 
bladder cancer). Other adjuvants, such as C.parvum and poly l:C have similar macrophage activating 
effects. 

Various cytokines may also be active against tumors, either directly or indirectly. Interferon-a was all the 
rage for about five minutes, just after TIME magazine in the early ‘80s ran a cover with "IF; new wonder 
drug cures cancer" or something like that, but it has proven effective against hairy cell leukemia, a 
previously untreatable tumor. 
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One possible avenue of exploration involves the secretion of tumor necrosis factor by macrophages. Some 
animal models suggest that macrophages, once activated by gamma interferon released by adjacent 
helper T cells, can then be induced by an injection of bacterial endotoxin to secrete buckets of TNF (now 
believed to explain the basis of endotoxin-mediated tumor regression). The TNF destroys some tumor cells 
directly, but, more importantly, it also causes local blood vessels to collapse, starving the tumor of oxygen. 
The only drawback is that it is unethical to inject endotoxin into humans, whereas systemic administration 
of TNF may cause fatal physiological shock. 

A recent approach has been to introduce genes for cytokines directly into the tumor cells. The tumor cells 
then secrete the cytokines, inducing a strong inflammatory response. So far, trials in mouse models have 
proved promising. 

As you might expect, there are tons of experimental approaches in the pipeline. 

People are trying to target NK cells using IL-12 therapy to facilitate activation, killing ability, and NO 
secretion. This works, but is toxic. 

Gene therapy is a big area. Amongst the genes tried are IL-12 and IL-18 to pump up the TH1 response, 
and ICE, an enzyme that blocks IL-1 inhibitors and should theorectically increase inflammation at sites of 
tumor growth. More recently, IL-21 is being tried. Tumor cells themselves can be engineered to deliver 
genes thus making themselves far more immunogenic; this has been tried in prostate cancer to deliver 
GM-CSF, which helps promote lymphocyte infiltration. A “vaccine” can be made from tumor specific 
antigens themselves. One example is E6/E7, from human papilloma virus, in which “vaccination” 
significantly increases T cell influx in the vagina. Other targets are HPV6, which causes genital warts [not 
fatal, but hard on the love life], and TRP2 in melanoma. A less elegant approach is just to take cancer cells, 
make a lysate, feed this to dendritic cells cultured from the same host, throw in some extra cytokines genes 
maybe, and reinoculate [being tried in mice]. 

Other ideas include blocking CTLA4 with an antibody, so that the T cell response is sustained rather than 
turned off; blocking GDI 54 [FasL] on tumor cells so that T cell apoptosis not induced; using viruses as 
enhanced DNA replicon vectors [Sindbis, Semliki Forest viruses] expressing tumor antigens, or developing 
tumor specific viruses that induce tumor cell apoptosis. 

Coley returns . 

About 100 years ago the physician Coley observed that tumor regression sometimes spontaneously 
occurred if the patient had a concomitant acute bacterial infection. He first noticed this when he saw a 
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patient, Fred Stein, who had a carcinoma on his cheek, which quickly resolved when Fred then got a nasty 
infection with Strep. Thus began the search for "Coley's toxins" within bacterial isolates, a venture that was 
never particularly successful. He did get some positive outcomes squirting dead bacteria into sarcomas, 
but the field was at that ime developing radiation and chemotherapy treatments so Coley’s ideas died with 
him [in 1936]. Recently, a trial in Germany reported treatment of melanoma using lysates of pyrogenic 
bacteria. [Those who do not study history are doomed to repeat it....] 

Although one should not use the word “epidemic” in the late 1990’s we seemed to have been seeing a 
troubling rise in breast cancer rates [Linda McCartney died from it, so Paul married a woman with one leg 
who took him in the divorce for $50MM]. Why, is not known, but one can point to post-war smoking [tres 
chic], use of birth control pills, and women waiting later and later to have kids. Women in Marin county CA, 
who are about the richest people in the US, and live on orghhaanic carrots, have a very high rate of breast 
cancer. As I implied above, the epidemiological data keeps shifting. Another troubling trend is teenage 
smoking, which is getting beyond ridiculous. It’s not as if we don’t understand the dreadful consequences. 
As we now know to our cost, nicotine is horrendously addictive, especially in kids. 

Our Food Industry doesn’t help either. Until recently we had horseshit like Dannon yogurt boosting your 
immune system [the FDA looked the other way, but the Brit Advertizing Standards people tore Dannon a 
new one], and all those “needed anti-oxidants” [which a 2006 meta-analysis demonstrated kill us earlier], 
but a big deal that surfaced a couple of decades ago was the “my body is a temple” gang which held that 
the consumption of cereals that are very high in fiber can prevent colon cancer. This was accompanied at 
the time by a stream of commercials showing people over sixty chewing down bowl after bowl of Bran 
Flakes. I myself tried to eat Raisin Bran but it tasted like gun pellets. More recently a very big study then 
appeared that showed that increasing fiber intake had no impact on the risk of cancer whatsoever. I’ll have 
my eggs over easy please. 

Some updates. 

In the past few years more and more people now agree that evasion of the immune response is a major 
cause of tumor growth. Primary mechanisms include down regulation of MHC expression by the tumor, and 
its secretion of suppressive cytokines such as IL-10 and TGFp. 

Another new mechanism recently uncovered is the discovery that tumor cells can express a member of the 
B7 family, which you will remember from above is a costimulatory molecule that interacts with CD28 to 
control T cell activation and tolerance. The tumor molecule, B7-H1, has one of those jolly old death 
domains that causes the attacking CDS cell to express FasL, thus killing itself. B7-H1 is found on breast. 
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lung, ovary, and colon tumor cells, and studies are now ongoing to see if blocking B7-H1 with an antibody 
can help matters. 

Another recent advance regards the continuing development of chimeric antibody therapies, and problems 
with clearance due to recognition of the mouse bit. Now, there is an entirely human antibody available that 
binds MHC Class-ll and induces apoptosis in lymphoma cells. This approach may avoid the problems to 
date using antibodies tagged with toxins or radioactive materials, which [surprise, surprise] create their own 
toxicity problems. 

One such antibody is of the lgG4 isotype [engineered deliberately], so it avoids problems such as FcR 
binding, and is directed to the HLA-DR Class-ll molecule. This has very limited expression on normal cells, 
but is stacked on lymphoma cells. By binding DR the antibody tweaks various signaling pathways [lyn] that, 
because a TCR and CD4/8 has not been engaged, turns on activation induced cell death [AlCD], a form of 
apoptosis. 

Several are now available. Genentech’s Herceptin binds epidermal growth factor receptor 2 which prevents 
tumor cell proliferation, particularly breast carcinoma. Toxin conjugates have also been developed; one 
example is Mylotarg which is an lgG4 targeting a leukemia antigen [CD33] linked to a toxin, calicheamicin, 
which breaks cell DNA. At the end of the day though, while these magic bullets have some promise, it 
remains difficult to treat solid tumors with them. An intact IgG takes about 54h to penetrate 1 mm into a 
solid tumor, and only about 0.01% of the antibody injected reaches this point. Monoclonal antibodies also 
get cleared quickly out of the blood. 

The last few years have started to see the fruits of some tumor vaccines. Alas, the news is not too good 
with only a small proportion of cancer patients showing tumor regression. Targets have included MAGE-3, 
Melan-2, and Pmel-17 [melanoma peptides], E7 [human paillomavirus], and HER-2/neu [an antigen found 
in breast, ovarian, and lung tumors]. In each trial some patients showed evidence of an improved T cell 
response, but it is probably too early to draw conclusions. Progress is also being made in using dendritic 
cells to present tumor antigens. This may be very promising, especially since DCs can potentially trigger 
NK and NKT cell responses. 

Another new approach has been to use gene therapy. Immune cells, bystander cells, even the tumor cells 
themselves, can be engineered to secrete anti-tumor antibodies. These include bi-specific antibodies that 
bind tumor antigens with one domain and cell activation molecules with the other. A really cool idea is 
“intrabodies”...the cell is engineered to make antibodies which stay in the cytoplasm and block cell 
signaling pathways. About a dozen such intrabody systems have been described so far. 
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A recent review I read [2010] confirmed the fact that lung cancer is the leading cause of death in both men 
and women, despite the fact that the incidence is lower than that of breast cancer and colon cancer 
combined. There were 166,000 deaths in the USA in 2008, and 1MM worldwide. Current US survival rates 
[5 years] are 99% for prostate, 88% for breast, and 66% for colon cancer, but the survival rate for lung 
remains static at 15%. If you smoke you have about a one in six chance of getting lung cancer and dying 
ugly. 

Lung cancer is usually a malignant transformation of the bronchial epithelium; half are usually 
adenocarcinoma, others are squamous cell carcinoma, but most are “non-small cell” cancers. There are a 
variety of mutated oncogenes, principally the EGF receptor and KRAS [a GTPase downstream of the 
receptor for EGF]. Vascularization of tumors is mediated by the vascular version of EGF, VEGF. These 
provide targets for therapy. Bevacizumab is a mAb that binds VEGF, and is being used in conjunction with 
drugs [erlotinib, sorafenib, sunitinib] that target the EGF-associated tyrosine kinase signaling system. Other 
targets include the HER-1/2 system, using trastuzumab antibody. 

A second line of attack is “chemoprevention”. The best example is tamoxifen for breast cancer. A new 
angle is to go after inflammatory systems, targeting COX, PGI2, and the leukotrienes. 


A 2014 update....are we entering a golden age..? 

Over the past few years we’ve seen whole genome sequence methods get faster and faster, and cheaper 
and cheaper. As a result, sequences for over 100 types of tumors have been made. This has shown that 
common solid tumors [colon, breast, etc] have somatic mutations that occur in about 30-60 genes, usually 
as single base mutations. In others, like melanoma, lungs, etc, there may be over 200. This probably is a 
consequence of the powerful mutagens, UV, and cigarette smoke. 

Tumors don’t appear overnight, and it is now thought that a tumor cell undergoes a series [2-87] of 
sequential alterations that may take as long as 20-30 years. These evolve from benign to malignant over 
time, as the cell uses its growth advantage to outgrow surrounding cells and form a mass. After more 
mutations, that can take decades, it becomes a tumor, with the potential to metastasize. 
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The genes that control whether this latter event happens or not are unknown. What is known is that such 
tumors actually shed millions of cells into the blood but most quickly die and only a tiny fraction survive and 
cause a metastatic lesion. 

Changes in chromosome numbers can occur in cancer cells [aneuploidy] as well as other genetic 
abnormalities. These breaks can inactivate genes such as TP53, which would normally sense DNA and try 
to fix it or switch on apoptosis. Many genes that cause cancer after mutation have been mapped, some of 
them are protein kinases, which offers drug targets. At the end of the day, there are about twelve signaling 
pathways in cancer cells, that drive three core cell processes - cell fate, cell survival, genome maintenance 

What does the future hold? In the near future we can envisage a management plan for every individual, 
based on the patient’s germline genome, and the genome of the tumor. 

Cancer immunotherapy \s another area of the field really rolling along right now. For some time now 
antibodies have been made against CTLA-4. This binds CD80 and CD86 on ARC, turning the T cell off. 
Block it, and the T cell can continue to fight its tumor target. The latest antibody, is called ipilimumab 
[Yervoy is the commercial name... ask your doctor if it’s right for you, etc]. Survival from terminal 
melanoma for >3-years is 22%, but the big problem is the treatment cost [$120,000, something I’ve never 
figured out because once you’ve made your monoclonal antibody you can culture and purify as many 
thousands of kilograms of it as you need]. 

Another idea is “CAR therapy”. You isolate T cells from the patient, then insert a viral vector that encodes a 
“chimeric tumor antigen-specific receptor” then it goes back in and this receptor binds the antigen on the 
tumor cell. One such CAR, targeting CD19 on B cells in chronic leukemia, looks very promising. 

A similar idea is to culture out APCs, cook with antigen, then reintroduce into the patient. This has been 
tried with “prostatic acid phosphatase” a major antigen on prostate tumors; this is called “Provenge” and it 
gives you a few extra months. 

A further update...2015. 

Not so long ago gene sequencing of tumor cells was slow and expensive [about $100,000 per tumor]. 
Technology has advanced rapidly, costs have dropped 100-fold, and capacity increased - exomic * 
sequencing of 100-plus tumors is now the norm. 

[*sequencing the genes that actually encode for proteins]. 
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Tumors do not appear overnight. They gradually acquire mutations and increased growth capacity/speed. 

In common solid tumors [colon, breast, etc] 30-60 genes can display somatic mutations that predict altered 
protein products. About 95% of these are single-base mutations, giving mis-sense changes. Other tumors, 
such as lung and melanoma, can express 200 or more mutations. This is attributed to mutagens [cigarette 
smoke is loaded with them, UV sunlight is a potent mutagen as well]. 

Tumors progress from benign to malignant by acquiring mutations over time. Most human cancers are 
caused by two to eight sequential mutations that develop over 20-30 years. The first mutation is called a 
“gate-keeping mutation”, and occurs in a gene [such as APC in colon cells] that initiates tumorigenesis. The 
tumor grows slowly at first, but then a second mutation occurs that permits clonal growth and increase in 
cell number. In the case of colon cells this establishes a malignant tumor can break through the epithelial 
basement membrane and spread. Mutated genes that confer a selective growth advantage over normal 
cells around them are called “driver mutations”. This advantage can in fact be very small, less than 1%, but 
over a long time can eventually result in a large mass. Driver genes function through a dozen or more cell 
signaling pathways that control three processes - cell fate, cell survival, and genome maintenance. 

The frequency of non-synonymous mutations differs between tumor types. Colon cells have the highest, 
roughly 500-700. Lung and melanoma tumors have 125-175. Many others, such as head/neck, esophageal, 
gastric, pancreas, ovarian, breast, etc, are in the 25-75 range. Further examples, including neuroblastoma 
and leukemias [ALL, AML] have small numbers, usually less than 20. Many are “passenger mutations”, 
ones that do not influence any selective growth advantage. Distinguishing between drivers and passenger 
gene mutations is very difficult however. 

Most people with cancer die from tumor metastases. Tumors release millions of cells into the blood daily, 
but these cells are short-lived, and only a tiny fraction establish a metastatic site. These are tiny at first, and 
hence undetectable. 

In adoptive cell transfer therapy immune cells are collected, grown in vitro up to 10^^ cells with high avidity, 
and then reinfused into the patient. The main limitation here is selection of antigen-specific T cells that see 
tumor antigens rather than host antigens. A second approach is to engineer host T cells with a TCR 
specific for a major tumor antigen, or a chimeric receptor that highly activates the T cell when it recognizes 
the tumor. In the latter case, CAR seems to work against hematologic tumors but not against solid tumors. 

The idea behind the first approach began in the mid-1980’s when IL-2 was tried as a therapeutic agent and 
did cause some regression in patients with melanomas [there were terrible side-effects however]. The 
cytokine seemed to be driving “tumor infiltrating lymphocytes”, and so the next approach was to flush these 
out from excised tumors, expand using IL-2 in vitro, then reinfuse. More recently, now that we know the 
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tumor antigens for certain cancers [MART-1, gplOO for melanoma], plus deep-sequencing is identifying 
others, one can make a DNA vaccine, feed it to ARC, culture with patient T cells, identify those reacting 
[expressing 0X40 or 4IBB for CD4 or CDS cells], select and expand these, and reinfuse. 

Strategic options continue to expand as well. One can specifically expand tumor reactive T cells, or induce 
them by vaccination [DNA vaccine made from the sequencing data], and combine this with ’’check point 
blockade” therapy where you prevent exhaustion in the reacting T cells. 

The tumor environment itself can be an impediment. Issues noted include nitration of chemokines, so they 
don’t work properly, changes in the local vascular, hypoxia driving T cell exhaustion, and production of 
extracellular matrix by fibroblasts around the tumor which cells have difficulty penetrating. Solutions to 
these include blocking endothelin receptors, which promotes local vasodilation, blocking FasL to prevent T 
cell apoptosis, stabilize the vasculare by blocking VEGF/TNF pathways, and depress check point inhibition. 

There is evidence that microbes can cause cancer, although luckily this is a small number [~10]. One set 
are human oncoviruses, which cause cancer by inserting into the host genome, an example is human 
papillovirus. In addition, some bacteria make proteins as a defensive response, and these can 
degrade/mutate host DNA. £.co//makes colibactin, a protein that might have a connection to colon cancer, 
Bacteroides releases a toxin targeting DNA, and H.pylori secretes CagA, implicated in stomach cancer. 
Downstream, these influence p-catenin signaling in the gut epithelium, which screws up the tight junctions 
and can lead to chronic inflammation. 

“Immune check point therapy” is a new therapeutic approach that enhances T cell activation in response 
to cancer cells. Like every other system T cell activation is under homeostatic control. When T cells are 
getting activated there are the main “go” signals generated by TCR binding to MHC/antigen, and by “co¬ 
stimulation” mediated by CD28 binding to B7 on the ARC surface. This is controlled and down-regulated by 
“immune check points”, evolved presumably to stop things getting out of hand, by CTLA-4 on the T cell 
binding to CD80 [B7.1] or CD86 [B7.2] on the ARC, and by RD-1 binding to one of two ligands on the ARC, 
RD-L1 or RD-L2. When RD-1 is engaged it appears “exhausted”, still alive but dysfunctional. Unfortunately, 
exhausted T cells are not much use fighting off tumor cells. 

To block the latter events monoclonal antibodies have been developed that block CTLA-4 [ipilimumab, 
tremelimumab] and RD-1 [nivolumab, pidilizumab]. Antibodies have also been commercially made against 
RD-L1. So far, so good, with evidence of durable clinical responses, as well as long term remission in a 
small number of patients. In 2015 multiple trials were being planned, and were in the patient recruitment 
stage. 
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Cancer gets more personal as you get older. 


My wife’s beautiful cousin Amy lives on the window shelf in my kitchen. 

When I was in Japan maybe ten years ago I saw this pretty little Zen garden ornament in a store. It was 
just a little platform, maybe three inches across with a tiny little chair, little bit of sand, and a little box with 
pebbles to put out in the sand. In the middle is a little glass bottle in which Amy lives. 

She died when she was 30 from cervical cancer. We got some of her ashes so she can live in our Zen 
garden and so we will never forget her. 

When Gardisil, the vaccine for HPV that causes cervical cancer, was introduced some groups advocated 
its complete application to all teenage girls. Others, more conservative, felt it would encourage teenage 
girls to have sex. About 18 months after it was introduced, in 8/08 a medical journal stated that it was 
unclear if it had any benefit. Yes, that’s right, 18mo later. Not twenty years later, when the data might make 
sense either way. 

When I was 21, i.e. about your age, I was immortal. I could run the 200 meters in 22 seconds flat, and on 
the rugby field I could either run around you or more likely if in the mood run right over you, as well as 
skipping easily away from those very large but very slow flesh-eating monsters you find in the scrum. 

But as you get older, immortality fades. I’ve seen two fellow faculty members get cancer; one died, one 
survived. I worked on a major new TB vaccine with another man who became a good friend, and then he 
got colon cancer. He hung on for some time, even went into relapse, then in the spring of 2010 he died. 

The last time I taught MB342 somebody asked me if cell phones cause cancer. Simple answer, nobody 
knows, because it is far too eariyXo draw any conclusions. 

Cellphones have changed our society. They have made driving far more dangerous [apparently texting is 
far more important than pointing the frigging car], and have generated a new uncouthness in society 
whereby people talk extremely loudly in airports, restaurants, and the like, making sure everyone for fifty 
yards hears their private conversations. Do they cause cancer? 

When I was asked in the class I replied that as above it is far too early to tell. Due to the type of 
electromagnetic radiation involved, any induction of cancers by cell phones would be a very slow process 
and would almost certainly take 20-30 years to appear. Already, a study from the reputable Karolinska 
Institute shows that users of cell phones for over ten years or more double their risk of generating 
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neuromas of the acoustic nerves. Walking [or driving] around town [and especially on 1-25] it is obvious that 
the clinical trial is going on nicely, with lots of people happy to put this to the test. I like to go to the local 
hockey games, and I’ve noticed lots of teenage girls in the seats around me. Virtually every one of these 
held a cell phone in their hand, and looked at it every minute or so. [I’m just as bad; I never carry a 
cellphone usually, but I do so on trips abroad and I look at for emails every hour or so. Sorry, what was that, 
speak up please....okay...wassup...yea/?, he’s so cool....awesome!] 

But the way, very recent news is rather bad, with medical groups suggesting boys that carry cellphones in 
their pants pockets or on their belts have lowered sperm counts. Ouch. 


Update June 2013. 

In 2013, seven years after HPV vaccination was first available the number of cases of cervical cancer 
fell by more than half in U.S. teenage girls. This came despite the pronouncement by [mercifully 
retiring] Rep. Michele Bachmann that the vaccine causes "mental retardation". She should know of 
course, being a retarded moron herself. 

While this is encouraging, still only about a third of U.S. teen girls ages 13 to 17 have had the full 
series of shots that prevent HPV infection, despite repeated studies that show the vaccine is safe and 
effective. Modeling suggests that if 80% coverage could be reached, some 50,000 lifetime cases of 
cervical cancer could be prevented. 

Right now there are two HPV vaccines, Cervarix and Gardasil. Gardasil targets HPV strains 6, 11, 16 
and 18 to protect against cervical, vaginal, vulvar and anal cancer and genital warts. Cervarix targets 
HPV strains 16 and 18 and protects girls and women against cervical cancer. Only Gardasil is 
available for males. 

Vaccination rates remain low in part because providers don't recommend them strongly enough and 
because some parents are reluctant to administer them. Parents worry about the safety of the vaccine, 
despite an excellent safety record, and about immunizing children who are not sexually active. This is 
of course the central issue because the vaccine must be administered early, before sexual activity 
starts, to get the best outcome. Despite the fact that cervical cancer is amongst the most hideous out 
there, parents still baulk. 

In 2014 a study appeared in the prestigous Pediatrics journal. This study examined the behavior of 
339 adolescent girls, and found no evidence that risk perceptions regarding having sex had changed 
after getting the HPV vaccine, thus putting to rest the idea that after vaccination these girls would start 
behaving badly. 
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21. TRANSPLANTATION IMMUNOLOGY. 


This field began when the noted escapologists Saints Cosmo and Damian successfully transplanted the leg 
of one individual to another. In the oil painting of this event (by Fra Angelico), the donated leg is black (the 

donor was a Moor, as in Othello.), whilst the recipient was white, thus raising all sorts of ethical 

questions. One also wonders exactly how Cosmo and Damian became Saints after this notable event. 

In all likelihood, soon after Cosmo and Damian's rapid departure on the first express camel out of town*, 
the transplanted leg probably fell off. This, then, is the basis of transplantation immunology, or, in the 
specific case of limbs falling off, the study of allograft rejection. 

[* what Londoners call “dun a runner”. Whilst on the subject of limbs falling off, Cosmo and Damian were 
martyred by having their own heads chopped off...” According to the legend once in Heaven they noticed 
the fellow in question and flew back down to put his new leg on]. 


The first true record of a transplant is from the 16thC when an Indian surgeon by the name of Sushruta 
developed a technique to repair the nose using skin from the arm. An Italian picked up on this idea, 
Tagliacozzi, as did Hunter [see Jenner essay], in fact Hunter came up with the name transplant. 

In 1912 a Frenchman, Alexis Carrel got the Nobel Prize for developing vascular anastomosis techiques 
that paved the way eventually for organ transplantation. In the 1930’s a surgeon called Voronoy in Russia 
developed the idea of kidney grafts in humans, but each time he tried it the organ was okay for a short time 
[he actually grafted it to the thigh] but then got rejected [well, actually, the patients died]. In 1954, things 
looked up, because Murray and Merrill performed the first successful kidney graft, between identical twins 
[which is why it worked]. Often as not the organ in question came from a dead guy, but in 1968 the concept 
of “brain-dead” donors became acceptable which then allowed healthy organ harvest. 

You may remember that we discussed the hypothesis of Haldane, who conjectured that rejection of tumors, 
blood group antigens, and skin grafts, might all be caused by a common immunological mechanism. His 
pupil, Peter Gorer, took this further by showing that mice possessed genes that encoded for protein 
antigens capable of inducing graft rejection that could be found upon both tumor cells and normal cells, 
proteins that we now know to be MHC molecules. 

As stated above, the implicatios of Gorer's findings were not fully appreciated at the time (late 1930's). It 
was left to another scientist. Sir Peter Brian Medawar, to pursue the specific area of tissue graft rejection, 
and to bring all this information together. 


217 




Medawar was born in Rio de Janiero in 1915, the son of wealthy English parents. A brilliant scholar (and 
Nobel prize winner in 1960), he is attributed with the founding of modern day transplantation immunology. 

Medawar attended Magdalen College [...”Maud-lin”...] at Oxford University where he got a B.S. degree in 
Zoology in 1935. He did not go on to the Ph.D degree because, given the elitist bash the oinks upperclass 
nature of the place at that time Medawar and his chums regarded the Ph.D as of "no useful purpose and 
cost, and relied on the Old Boy Network to get them cushy jobs. This found him lecturing at the University 
at the beginning of World War II, when he observed first-hand a pilot who had survived being shot down 
(the plane crashed close to Medawar's home) and who had extensive burns. As a result of this experience 
he petitioned the British Medical Council for funds to study the reasons why it was so difficult to transplant 
skin grafts (unless they were taken from the same individual) at which point he was assigned by the 
Council to work in a burns clinic in Scotland under the direction of Thomas Gibson and Leonard Colebrook. 

Here, Medawar performed a careful study of skin graft rejection on burned individuals. After this, he 
returned to Oxford University, where he preceded to conduct further experiments on rabbits. In papers 
published between 1943 and 1945, Medawar observed just about every conceivable aspect of the skin 
graft rejection reaction, which we will recount in a moment. Indeed, his precise description of skin allograft 
rejection in his 1943 paper [with Thomas Gibson] can be considered the start of the modern era of 
transplantation research. 

It was clear to Medawar that skin graft rejection was an immunological process, and subsequent 
experiments into the genetic basis of the reaction by a number of groups revealed that the genes originally 
discovered by Gorer were the culprits. Thus, today, we understand that the products of histocompatability 
genes (some, but not all, of which reside in the MHC complex of a given species) are the target antigens 
that result in the destruction of transplanted tissues. 

Before preceding further, some terminology (much of it coined by Gorer). 

Grafts taken from one part of the body and transplanted onto another site on the same individual (i.e. skin 
grafting in burns patients) are called autografts or autogeneic grafts. Grafts placed upon another individual 
who is genetically identical to the first (i.e. inbred mouse strain) are syngrafts or syngeneic grafts 
(sometimes also called isografts). Grafts transplanted onto another individual of the same species who is 
genetically dissimilar (i.e. has histocompatability genes of different haplotype) are allografts or allogeneic 
grafts. Finally, grafts transplanted onto a different species (i.e. mouse skin onto a rhinoceros or, perhaps, a 
remarkedly compliant wildebeast) are xenografts or xenogeneic grafts. 
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Returning to Medawar, the fruits of his labors were a comprehensive description of allograft rejection 
processes. A day or so following an allogeneic skin graft, the graft takes on a healthy pink color as a result 
of the establishment of vascularization between the graft and the host. Epithelial cells proliferate around the 
edges of the graft, and within a few days the graft is firmly attached to the host tissue ("healed"). At around 
this point, the first host lymphocytes and other mononuclear cells (some of which are thought to be natural 
killer cells) begin to accumulate in the graft. Between day 5 and 7, the first evidence of rejection becomes 
apparent, as graft blood vessels are attacked by host cells causing bleeding, and as a massive infiltration 
of host cells (lymphocytes, monocytes, and neutrophils) accumulates within the tissue. At this point skin 
grafts have a tendency to swell, partly as a result of the cellular infiltrate, and partly as a result of thickening 
of the graft epidermis (epidermal hyperplasia). 

Between days 7 and 14 there is progressive tissue destruction, bleeding, and necrosis. The graft darkens 
from clotted blood, becomes scab-like, and will eventually slough off. 

If a second graft is given at a later time from the same donor, the same process is observed, but in a very 
accelerated fashion. Such second-set rejection is attributed to the retention of immunologic memory 
immunity to the original offending histocompatability antigens, and was originally observed by Medawar 
during his stint in the Glasgow Burns Clinic. 


Let’s face it, transplantation is an unnatural act. The rejection process serves no obvious advantage to the 
species, and yet it induces probably the most powerful immune response we possess. The question 
\s...why.... 

From an immunological standpoint, the initial establishment of vascular and lymphatic vessel connections 
into the allograft enable the immune system to become aware of this foreign tissue. Because it is 
technically impossible to transplant tissues without some degree of cellular damage, cell debris will drain 
into a nearby host lymph node within a matter of days, thus rapidly triggering alloreactive T cells that 
happen to be passing through and which will encounter this debris after it is presented by lymph node 
macrophages. 

Another very strong stimulus for triggering host lymphocytes is the presence in the graft of passenger 
leukocytes. What this term means are lymphocytes and macrophages of graft origin which leave via 
capilliaries or lymphatics (or, in the case of graft macrophages, which wander into the reecipient tissues), 
and hence are quickly seen in the host lymph nodes or spleen. One argument runs along the lines that 
these cells (B cells & macrophages), because of their expression of Class II MHC molecules, are powerful 
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inducers of alloreactive helper T cells. These cells, in turn, then produce IL-2 which drives the production of 
alloreactive cytolytic T cells against the graft. 

It has been observed, however, that certain types of grafts do not in fact induce the allograft rejection 
mechanism. An example is cornea transplantation; since this tissue does not establish a lymphatic 
drainage with the host tissues surrounding, it apparently goes unnoticed*. Such grafted tissues are said to 
occupy a privileged site. 

[* the first successful corneal transplant was performed by the Irish physician Sam Bigger, who replaced 

the cornea in the blind eye of his pet gazelle. No, wait, it gets better. Bigger was in jail in Egypt at the 

time. Now I know what gets Irishmen into jail in massive numbers on a Saturday night in Dublin, but in 
Egypt....?] 

The primary mechanism of allograft rejection is almost certainly mediated by CD8+ cytolytic T cells, which 
bear receptors that directly recognize foreign Class I MHC molecules (which, you will remember, are 
expressed by every nucleated cell) or possibly more likely, can bind the shape provided by self peptides 
presented by the foreign MHC molecules in the graft, and hence are also termed alloreactive cytolytic T 
cells. In addition, cytolytic T cells can also be demonstrated that recognize the products of 
histocompatability genes that lie outside the MHC. These latter genes are usually responsible for very 
weak (and slowly generated) allograft reactions, and hence are called minor histocompatability genes. The 
best example is the product of the H-Y gene which is found on tissues of male but not female C57BL/6 
mice. When skin from these males is transplanted onto female C57BL/6 mice, about 50% of the grafts are 
rejected, with slow kinetics (about 2-5 weeks). 

CD4-I- T cells also undoubtedly contribute to rejection mechanisms. They produce TNF, thus decreasing 
graft vascularization, and interferon-y, which will cause B cells and macrophages in the graft to up-regulate 
expression of (allogeneic) Class II molecules even further. They also direct an antibody response to the 
foreign MHC molecules; apparently Class I molecules on blood vessels are a favorite target, leading to 
vascularitis. 

As you can see, the expression of any foreign H-antigen (to use the original terminology) by a transplanted 
tissue can potentially lead to graft rejection. There are some naturally occuring exceptions to this rule 
however, which allows us to digress for a moment and consider the phenomenon of transplantation 
tolerance. 
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The first observations in this area were made in cattle. Occasionally, cows have twins, and where the twins 
are a male and a female, the female is always sterile (a "freemartin", in the barnyard vernacular*). The 
reason for sterility is attributed to the passage of male hormones into the female fetus, affecting sexual 
organ development. The basis for this was the observation by Lillie, in 1916, that the placental blood 
vessels of the two twins was shared, allowing free exchange of blood, hormones, etc. This observation 
then was followed by that of Ray Owen at the University of Wisconsin, who in 1945 found that most twins 
had two erythrocyte types, one their own, and one "acquired" from their twin during gestation. Thus, in 
terms of erythrocytes, the animals were chimeric.** 

[* Klein's excellent book ("Immunology") suggests that the derivation of this word may be from the Celtic 
word fearr meaning sterile cow, and from Martinmas, a festival when non- or poor-milk producers were 
slaughtered. 

** from Greek mythology; one of the tasks of Bellerophon was to kill the Chimaera, an unconquerable "lion 
in front, serpent behind, and goat in between" 

A fearful creature, great and swift of foot and strong. 

Whose breath was flame unquenchable. 

Bellerophon took care of business by riding the winged horse Pegasus, and shooting the Chimaera with 
arrows from above. Chicken 11] 

There then followed two experiments that seemed to unwrap this puzzle further. First, Medawar, in 1949, 
showed (to his own great surprise) that twin cattle accepted skin from each other (even though the twins 
were dizygotic; monozygotic twins in cattle are rare). Secondly, Hasek, a few years later, showed that 
chickens hatched from parabiotic eggs* were erythrocyte chimeras, and did not reject grafted tissues from 
each other. 

[*to do this a small window is cut into the shells of two fertilized eggs, and a little wax is applied to hold the 
two eggs together. In this way the blood vessels of the two chorioallantoic systems are held very close 
together, resulting in fusion and anastomosis.] 

Medawar, along with two other British scientists, Billingham and Brent, showed formally in experiments 
published in 1956 that if the host immune system is exposed to allogeneic tissues whilst still in the 
embryonic stage, then the host response "grows up" regarding these tissues as self, that is, is tolerant to 
them. To do this, these scientists anesthetised pregnant CBA strain mice, and opened their abdomen 
exposing the fetuses. These fetuses were then injected with a suspension of various tissue cells from A 
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strain mice, after which the mothers were carefully sutured up. The fetuses went to term, and when they 
were 8 weeks of age, they were given skin grafts from other A strain donors. Unlike normal CBA mice, the 
experimental mice were unable to reject the skin grafts, showing that they were immunologically tolerant to 
the A strain histocompatability antigens. For this and his earlier work Medawar, and Burnet (who had 
earlier suggested that this was possible theoretically), received the Nobel prize in 1960. 

Tolerance can be induced in adults, but it is very difficult. It usually involves exposing the animal to 
repeated doses of foreign tissue whilst concomitantly reducing the host response by irradiation or anti¬ 
lymphocyte serum. To test if the animal is tolerant (assuming it survives the treatment I), a skin graft is 
performed. 

Okay, let's now play Doctor and consider the various types of organ transplants being currently performed. 

The most popular organ transplant is the kidney. A large number of kidney grafts have been performed 
since the practice began in the mid-1960's; the rate is now in excess of 10,000 per year. In 1992, there 
were 9700 kidney grafts performed in the USA. Grafts are acquired from siblings, in which case the H 
antigens (HLA) may be closely or even completely matched, or from cadavers, in which HLA matching is 
unlikely. The success rate for such grafts has become very good at around 80-90% survival, even in 
patients with diabetes, or in those needing a second graft. 

One curious and unexplained aspect of this type of transplant is that if the recipient receives a blood 
transfusion prior to grafting, then the chances of the graft surviving are improved. The reason for this is 
unknown, after all, one might expect the opposite to happen, but work it does, perhaps because the Class I 
molecules on nucleated blood cells somehow tolerize the recipient before the kidney graft is given. 

There are now a few examples of patients who have had their kidney grafts for so long, that they appear to 
have stable tolerance (after years of immunosuppressive therapy) to the extent that drugs are no longer 
needed. 

Unfortunately, the need for kidney grafts is growing, mainly due to increasing levels of hypertension and 
diabetes in the western world, which cause end stage renal failure. As a result, there is a shortage of 
organs. 

Skin grafting is invariably with autografts, and is being put out of business by artificial skin technology. 


The first heart transplant was performed at the Groote Schuur Hospital in Cape Town in 1967 by Christiaan 
Barnard; the patient lived 18-days. About 2000 heart transplants are now being performed annually. Initial 
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success rates have improved dramatically, with over 70% survival at 5 years now being documented. This 
reflects various factors, such as selection of the recipient, better preservation of the organ prior to grafting, 
and better understanding of the necessary immunosuppressive therapy. 

Although of low immunogenicity, liver transplants are difficult [about 3000 cases, with a success rate of 
about 50%]. The situation is even worse for lung transplants [about 500 cases], which because of the 
technical difficulties have a low success rate. 

The rate of bone marrow transplants has also been growing, with 4000 performed in 1990. Such grafts are 
usually for the treatment of for leukemia or lymphomas, but also for aplastic anemia or severe immune 
deficiency (you may remember the "boy in the bubble"). There are still severe problems with bone marrow 
grafts; the primary cause for alarm is the generation of graft-versus host disease, and also poor 
engraftment or the generation of malignancy within the graft itself. 

Graft-versus-host disease (GVHD) arises when the graft contains alloreactive T cells that react with the 
immuno-incompetent host (either the host doesn't have a functional immune system, or, in the case of 
leukemia, has received irradiation therapy). Since the marrow has a rich blood supply, you can appreciate 
that it is impossible to harvest bone marrow cells without contaminating blood cells. 

In GVHD, there is expansion of alloreactive cells and progressive necrotic destruction of host tissues. Skin, 
spleen, liver, lung, and gut are primarily affected; the spleen (and most other organs) fills with mononuclear 
cells (many of them monocytes responding to the inflammatory damage occuring) and may expand to 5 
times its normal size. (This event can be easily studied in mouse models, by infusing FI mice with T cells 
from a parent strain, which attack the "foreign" haplotype of the host tissues, whilst the recipient regards 
the donor cells as "self") 

Suppression of graft rejection. 

Obviously, since the immune system regards the implantation of allogeneic tissue with great indignation, 
then any attempt to do so involves the use of various therapies designed to prevent an alloreaction from 
occuring. 

One of the most widely used drugs is azathioprine, a purine analogue developed by the Burroughs 
Wellcome company in the early 1960's which blocks DNA replication (thus preventing the replication of 
alloreactive T cells responding to the graft). Other primary drugs include cyclophosphamide, which 
alkylates DNA thus killing dividing cells; prednisolone, a synthetic immunosuppressive glucocorticoid; and 
cyclosporin A, a cyclic oligopeptide produced by the fungus Tolypocladium which appears to have a semi- 



selective tropism for T cells and which is highly immunosuppressive [current evidence suggests that 
cyclosporin selectively inhibits signal transduction in T cells, preventing the subsequent production of 
cytokines.]. This latter drug is credited with the improved success of more difficult grafting, such as liver, 
heart, and heart-lung. 

A standard protocol in human transplantation usually involves a combination therapy approach. After 
grafting, the patient may be given an anti-T cell antibody, followed by an 

azathioprine/prednisolone/cyclosporin regimen. Although cyclosporin is clearly an excellent drug, its use 
has to be carefully regulated due to side-effects, the major being nephrotoxicity. 

But this of course is the age of the monoclonal antibody and the magic bullet, so as you might expect some 
pretty clever and sophisticated techniques are now being applied in addition to the more conventional 
approaches above, at least in experimental animal models. 

Amongst these are current experimental strategies which target the T cell specifically. Since cells that 
cause graft rejection express high densities of the IL-2 receptor, then magic bullets comprising an anti-IL- 
2R plus a toxin are being used in animal models to specifically deplete such IL-2R-I- cells. As the toxin, ricin, 
diphtheria toxin, and idarubicin, are currently being tried. 

Another approach is to produce a truncated version of IL-2 which has diphtheria toxin on one end (this is 
produced by fusing the genes for the two proteins together). The IL-2 then binds to the IL-2R-I- cells, and 
the toxin kills them. 

The magic bullet approach has also been successfully applied to the prevention of GVH in bone marrow 
transplantation. Prior to infusion into the recipient, the bone marrow cells are treated with an anti-T cell 
antibody conjugated with ricin. This specifically kills the contaminating T cells (including alloreactives) in the 
graft prior to being given to the patient. 


It is now evident that several different forms of graft rejection exist. Hyper-acute rejection occurs when a 
vascularized organ, such as the kidney, is rejected in only hours. The organ turns blue and mottled and 
urine production ceases. The rejection is due to complement fixation triggered by binding of pre-existing 
antibodies in the recipient to carbohydrate antigens on the endothelium of blood vessels in the graft. 
Usually, serum from the recipient is prescreened for this possibility. [Why doesn’t this happen to skin 
grafts.... this is because it takes a few days for blood vessels in the graft to hook up to the underlying 
tissues]. 
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Early rejection is rarely seen, and is due to antigens leaking from the graft inducing antibodies in the 
recipient. Strangely, if these antibodies are depleted by plasmapheresis their levels are gradually restored 
over the next few weeks but rejection is not triggered, a process called “accommodation”. 

The best characterized is acute T cell mediated Medawar-type rejection, discussed above. If suppressed 
by therapy chances are good that the graft will survive. 

Chronic rejection occurs in about 3-5% of grafts each year. The main cause is not immunological but 
simply due to graft damage. Reasons include preservation damage after removal from the donor, ischemia, 
damage occurring in the grafting procedure itself such as denervation, or chronic viral injury. In the kidney 
graft arterial narrowing is observed; heart grafts sufer fibrosis of the coronary arteries; lungs exhibit 
bronchial narrowing. 

Research into treatment continues, with new drugs such as mycophenolate and FK-506 [now called 
Tacrolimus]. Now that we know a lot about T cell signaling attempts are being made to inhibit T cell 
recognition of grafts by screwing up gene transcription, cytokine signal transduction, and cell differentiation. 
The antibiotic rapamycin specifically inhibits T cell signal transduction [but is toxic] as does everolimus, 15- 
deoxyspergualin inhibits T cell maturation, leflunomide inhibits pyrimidine synthesis and the tyrosine 
kinases associated with cytokine receptors, and FTY720 jams up JAK-3 and also T cell chemotaxis. 

FTY720 is a very interesting drug. It arose from tradition Chinese folk medicine as an “eternal youth” elixir, 
but the purified material, which is then derivatized to make FTY720, looks a bit like a sphingosine lipid. It 
has a selective effect on lymphocytes, and seems to make them move out of the blood into lymphoid 
tissues [i.e. trapping them away from the graft tissue]. By interfering with the sphingosine kinase pathway, 
perhaps at the small G protein level, it disrupts the cell signaling mentioned above. 

Antibody therapy is becoming more sophisticated, moving away from blocking all T cell responses and now 
going after activated cells only. These include antibodies [basiliximab, daclizumab] to the IL-2R [anti-CD25], 
as well as antibodies to ICAM, TNF, CD28, and CD40. Drawbacks include the fact that antibody binding to 
these molecules can actually stimulate the cell to make cytokines, and the need to humanize rodent 
antibodies to prevent clearance [see tumors above]. A new “humanized” antibody directed against CD52 [a 
molecule of unknown function found on both T and B cells], CAMPATH-1H, can induce lymphopenia 
lasting over a year with just a few doses. [I think we are going to see this trend of increasingly potent 
antibodies continue to rapidly increase in the near future]. 

Because the influx of leukocytes into grafts is controlled by chemokines, then these could be targeted 
immunotherapeutically. Antagonism of chemokines or their receptors has been shown to delay infiltration 
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and prolong graft survival, and when used in conjunction with drugs that depress T cell activation can 
depress both acute and chronic forms of rejection. 

A lot of stuff is happening in animal models. One can easily irradiate a mouse and reconstitute it with bone 
marrow cells of donor origin to allow it to accept a graft, but the risk of GVHD in humans is too risky to try 
this. Another approach is to introduce an engineered CTLA-4/lg heavy chain fusion protein by adenovirus 
gene transfer via dendritic cells. Secretion of this molecule prevents CD28/B7 binding, and can result in 
indefinite survival of heart and liver grafts in rats. In fact, because we now know that co-stimulation is so 
critically important in whether a T cell get activated or just dies, agents blocking this process could be very 
useful in preventing graft rejection. 

Several strategies using adenovirus are in the works, such as over-expression of TGFp, IL-4 and IL-10, 
cytokines that suppress graft rejection mechanisms. Transfer of the Bcl-2 gene lessens endothelia 
activation, often the first trigger for inflammation and the inrush of host cells. An adenovirus expressing the 
gene for iNOS prevents chronic rejection of cardiac grafts caused by cardiac hyperplasia. Inclusion of the 
gene for superoxide dismutase into adenovirus prevents death from oxidative stress seen in embryonic 
dopamine neuron grafts used in treating Parkinson’s disease patients. 

Xenografts are also a topic of research. These can be concordant, meaning the species is close 
phylogenically and has no risk of preformed antibodies, or discordant, meaning the opposite. Primates are 
the best example of the former, but problems include availability, negative public perception about use, and 
the fact that lots of monkeys carry some really ugly viruses. 

Porcines are discordant, and availability is no problem.’’good pig country”.., plus organs are about the 

same size as in humans. Good results have been obtained with fetal pig brain cell implants in Parkinsons 
[minimal immunosuppression needed due to the blood-brain barrier effect]. Unfortunately, pig tissues have 
gal[a3]gal antigens on their endothelium to which humans have preformed antibodies to, and pig clotting 
factors can trigger human factor Xa inducing thrombosis. [In August 2002 a team in Britain succeeded in 
producing piglets in which the gene encoding this carbohydrate antigen had been knocked out]. Because 
pig Class-I is different, it cannot inactivate KIRs on NK cells, which is an additional problem. 

One way around some of this are transgenic pigs [Seidel, CSU, major player]. One model consists of 
expressing hDAF in pigs, which prevents human complement activation and avoids hyperacute rejection. 

But there is also a scary bit.cross-species transfer of pathogens.. .such as endogenous porcine 

retroviral sequences that might become pathogens in humans. We could grow little curly tails. 
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Wither transplantation ? 


After years of buckets of blood and gore there is no doubt that the transplantation surgeons have solved 
most of the major nuts and bolts technical problems of removing and attaching organs in people. Although 
the problem of allograft rejection remains, it has been successfully treated in most cases by chemotherapy. 
Obviously, this is a nonspecific approach, and the next horizon lies in the area of specific allograft reaction 
suppression. 

There are also some ethical questions that are arising, with regard to the use of fetal tissues in 
transplantation. For instance, the use of fetal pancreatic tissue has been suggested in treating insulin- 
dependent diabetes, and neuronal tissue in treating diseases such as Alzheimer’s and Parkinson’s 
diseases. More recently, a similar debate has arisen over stem cell cloning to provide transplantable 
tissues [neuronal cells for people with broken necks for instance...so-called “regenerative medicine’’]. 
American politicians have moved very cautiously here, because of certain lobby/pressure groups with more 
religious than ethical agendas, but such research is moving ahead quite rapidly in Europe. 

L/pdates....regarding the splendid beginning of this Chapter, I more recently found that a better spelling of 
the goodly Saints is Cosma and Damiano, that Cosma was a doctor and Damiano was a chemist 
[apparently there were such things in the 3'^'' century], that the leg was “donated” by a recently buried 
Ethiopean Moor [explaining why it was black] and that it was transplanted onto a local Roman deacon by 
name of Justinian. This guy’s job was to look after the temple in Paris devoted to C&D and he developed a 
tumor in his leg. In the night the two Saints flew in from Heaven and when he woke up he had a new leg. 
This “legend” was first described by Jacopo da Varagine [or Jacobus de Voragine, the Archbishop of 
Genoa] in the century [in a book entitled Leggenda Aura] and Angelico painted the holy event in 1440. 
And, oh yes, ‘cos the guy was dead, this makes it a cadaveric allograft. But you knew that... 

To prevent rejection a smart idea recently emerging is to combine the allograft rejection drug rapamycin, 
which blocks the cytokine receptor signals mediated by IL-2 and IL-15, with two fusion proteins consisting 
of IL-2 and IL-15 linked to an Fc molecule. The latter just blocks the IL-15 receptor, dampening cytopathic 
events, while the effects of the IL-2/Fc are more complicated in that this seems to promote apoptosis in T 
cells activated by the allograft but spares others including regulatory CD25-i- CD4 T cells. 

Another idea is just to shut down these cytokines, and this might be possible if you can get at signaling 
mechanisms. Multiple cytokines [IL-2,4,7,9, 15,21] work via the JAK-3 molecule and so Pfizer have 
designed a molecule [CP-690,550] that specifically blocks this. Treatment of monkeys given heart grafts 
with this molecule significantly prolongs their survival. 
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22. VACCINOLOGY. 


In Xanadu did Kubla Khan 
A stately pleasure-dome decree 

This poem, one of the better ones by Coleridge, has nothing to do with Immunology. However, next door to 
Xanadu, was the ancient land of Pontus, ruled by the magnanimous, if somewhat paranoid. King 
Mithridates VI. The King was convinced that he would eventually be assassinated, and, since the 
acceptable form of regicide at the time was poison, the King daily took a pinch of poison in his food in order 
to build up his resistance. This obviously worked pretty well, since when the King reached his dotage and 
wished to commit suicide, a draught of poison had no effect (obviously he did not learn from the Romans, 
who were opening veins in hot bath tubs left and right at this stage of history). 

In nearer centuries it has become fashionable to attribute the beginnings of Immunology to the experiments 
of Jenner, which were published in 1798. These experiments were novel in that they involved using 
cowpox pustules to vaccinate against smallpox, but it must be remembered that this work was predated 
within Europe by at least a century by the process of ingrafting or scarification, in which dried smallpox 
pustules were used to inoculate the skin of individuals, and by many centuries in the Far East (the use of 
dried smallpox pustules was probably invented back in pre-history by the Chinese, who then spread the 
word by way of the great trading routes, such as The Silk Road, and at the meeting points of East and 
West such as Constantinople (now Istanbul)). 

As for Jenner, his interest in smallpox arose directly from his interest in milk-maids (whether this interest 
was healthy or unhealthy, we do not know). Jenner suspected a young maid of having smallpox symptoms, 
until she informed him that such a thing was impossible since she had already had cowpox (an 
occupational hazard). On further examination of this claim, Jenner found it to be true; nobody locally who 
had had cowpox subsequently contracted smallpox. [A much longer and less irreverent version of this story 
follows below]. 

And then, his great (if totally unethical) experiment. He found a milk-maid with active cowpox lesions and 
injected some of this material into the arm of an eight year old boy, James Phipps. Six weeks later he 
injected the boy with smallpox, to no effect: the boy was immune as a result of the cowpox vaccine (the 
word comes from the Latin name for cow, vacca). 

Jenner submitted his findings on smallpox vaccination for publication by the Royal Society of England. 
However the President of the Society, despite being an admirer of Jenner, felt that the study was 
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incomplete [just one patient, after all]. As a result Jenner published his Inquiry privately; it gradually 
became widely read and the vaccination procedures widely used, although it took the Royal Society many 
years before formally adopting it. 

The purpose of vaccination is to establish a long-lived state of immunological memory to a given pathogen. 
That memory exists is long known; Thucydides, in describing the Peloponnesian war in 430BC wrote that a 
plague affecting the citizens of Athens never attacked the same man twice. More recently, Panum, a 
Danish doctor, observed that residents of the Faroes Islands exposed to measles in 1781 were immune to 
a second outbreak 65 years later. 

But it all goes back much further than that, at least the idea that “that which does not kill you makes you 
stronger”. We know that /’'^-century Indian Buddhists drank snake venom, given all those cobras 
everywhere. 

But the history of vaccination [at least our version] deals mainly with smallpox, culminating with Jenner’s 
famous experiment with cowpox, revealed in excrutiating detail below. It seems that some lO'^^-century 
Chinese writings appear to be referring to the practice of scarification or variolation in which [dried] 
smallpox pustules were scratched into your skin in an attempt to protect you from the living virus, and 16**^- 
century Indian Brahmin writings seem to also describe this in some detail. It came to the attention of 
Europeans, or at least was well publicized, by Lady Mary Montagu [the wife of the British Ambassador to 
Constantinople (now Istanbul)] who in a letter to a friend in 1717 described her observations on the local 
custom of scarification or “ingrafting” to prevent smallpox. She also wrote that she would "not fail to write to 
some of our doctors very particularly about it, if I knew any one of them that I thought had virtue enough to 
destroy such a considerable branch of their revenue..." 

The urging of Montagu, and others, to inhale or ingraft dried pustules as a protection against smallpox, led 
to the "Royal experiment" of 1721. In this a bunch of prisoners in London's Newgate prison (not a happy 
place) were asked to "volunteer" as guinea pigs for the ingrafting method. If they survived, they were to be 
pardoned by the King (George I). All survived, including a 19-year old girl who was then sent to a village 
where a particularly virulent outbreak of smallpox was currently in full swing, presumably as a "control"! 

She survived this too. All this was very convincing to the King, who let a couple of his own daughters be 
ingrafted. 

As you can see from Montagu’s letter, even then certain people thought the medical profession was in it for 
the money! [In fact, she was right, because most were quacks, charging big cash for “bleedings” and other 
“remedies” and so the idea of a vaccine that would put them out of business did not please them]. 
Nowadays of course modern day vaccination programs have turned out to be very successful, further 
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supported by federal programs such as the Childhood Immunization Initiative (1977), and by legislation that 
requires evidence of routine immunization before entering elementary school. In fact one can argue that at 
least ten major diseases of humans that used to kill people by the hundreds of millions have been 
controlled [smallpox, diphtheria, tetanus, yellow fever, pertussis. Hemophilus influenza, polio, measles, 
mumps, and rubella]. Other than vaccination, only the provision of clean/safe drinking water has had such 
a significant impact on world health. 

After smallpox, chicken cholera is the next on the list, and you probably know the story of Pasteur going off 
on faire de vacation \r\ 1879, leaving the Pasteurella to attenuate in the sunlight on his window sill. In 1881 
he then went on to make an anthrax vaccine which he tested out successfully in sheep and goats. Four 
years later the concept of vaccination for rabies arose. 

A major advance came about in the 1880’s with the delineation by the US scientists Daniel Salmon and 
Theobald Smith between live and dead vaccine types; dead examples being typhoid, cholera and plague 
vaccines that soon arose. 

After WWII Enders, Weller and Robins figured out you could grow polio virus in human cell cultures, and a 
few years later in 1955 Salk made the trivalent formalin fixed virus vaccine. Salk was given hero status as a 
result, but the vaccine itself had a rough time, because one manufacturer didn’t kill it properly, and so 260 
vaccinated kids got paralyzed. In 1960 Sabin developed a live attenuated virus, which solved matters. 

Vaccines continue to be made today. In 2006 Merck made an HPV vaccine to protect young women from 
cervical cancer. This stirred up our fundamentalist friends, who felt that this would induce these young 
women to have sex. Heaven forbid they would do such an unnatural thing! 

Turning to science, let us start by considering an "ideal" vaccine. It should have: 

(a) a "pure", stable, well-defined antigen, of high immunogenicity; (b) it should promote effective immunity 
to the target pathogen, (c) inoculation should be a simple, painless, one-step procedure, (d) single-dose 
effectiveness, (e) low cost, and (f) absence of side effects. In the current era you have to be certain your 
vaccine was never derived from something [cell line, etc] in fetal bovine serum was once used a thousand 
years ago because we’ll all get prion diseases, and now you have to verify lack of bacterial or animal DNA 
just in case you/your gut flora don’t get transfected with antibiotic resistance genes. 

Obviously, there are various factors that contribute to how a vaccine may behave, such as dosage, route, 
host genetic make-up, timing of administration, use of adjuvants, etc. We have considered most of these in 
Chapter 6 (Antigens), and thus will not reiterate them here. 
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Vaccine development and production is seriously expensive. First you need to identify the cause, then 
isolate it, and make various formulations such as dead microbe, live inactivated or live attenuated, or some 
of sub-unit vaccine. Then you make your product, usually under Good Manufacturing Procedure conditions, 
and then do a huge number of tests for safety and immunogenicity, both in animal models and then in 
increasing numbers of humans. Then you get licensed by the government and conduct formal Phase-111 
efficacy trials [which could take years]. Any adverse reaction has to be reported to the FDA, and then on 
top if your baby gets nappy rash you tell the local personal injury ambulance-chasing lawyer [call me, the 
strong-arm I] and Merck or whoever gets sued for a trillion dollars. The scare over MMR and autism didn’t 
help matters [see below]. No wonder bigPharm is getting out; there were 26 companies making vaccines in 
1967, now there are only 12. 

There are a large variety of potential vaccine types, of importance in both human and veterinary medicine. 
The major types are listed below: 

(a) Live. In this type of vaccine, a live organism is administered. The best example is Mycobacterium bovis 
BCG, which is used in many countries to prevent tuberculosis. With any live microorganism, care must be 
taken to ensure that the vaccine itself does not give rise to active disease*; a problem that is usually taken 
care of by using an attenuated organism. Even today, there is a small risk, particularly in the case of infants 
given BCG who have been infected with the HIV virus in utero. 

[*ln Lubeck, Germany, in 1930, a large number of infants were killed by administration of "BCG vaccine". 
Initial concern that the attenuated BCG organism had regained its virulence were dispelled when it was 
realised that M.tuberculosis had been injected instead of BCG.] 


The problem with BCG is that its efficacy varies widely [0 to 80%] in different trials. This has lead to the 
realization that BCG seems to protect children fairly well [especially against nasty forms such as meningeal 
TB] but once the individual reaches the teens or young adulthood the effect of the vaccine wears off. This 
has resulted in a big push to try to make a new vaccine, and the movement of vast piles of cash from NIH 
to CSU and yours truly. 

(b) Attenuated. As above, any live organism that gives rise to immunity but not disease. In addition to BCG, 
another example would be Brucella abortus strain 19, used in the cattle industry. As you can see, 
attenuation means "altered or adapted". 

(c) Dead. Microorganisms that have been, one way or another, croaked. Examples would be a number of 
viruses, that are formalin-fixed, and various bacteria. In the latter case, suspensions of killed bacterial cells 
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are called bacterins; examples include Streptococcus equi, the cause of strangles in horses, and 
Pasteurella multocida, which causes shipping fever in cattle. 

(d) Mixed. Containing more than one microorganism. Example: diphtheria/tetanus. 

(e) Polyvalent. Vaccines that contain bacteria of a mixture of serotypes. 

(f) Toxoid. Vaccines prepared from the toxins of bacteria. Examples are tetanus and diphtheria toxoids, 
which consist of toxins that have been chemically modified so that they are no longer pathogenic, but retain 
antigenicity. 

(g) Subunit (Bacterial fraction) These consist of bacterial fractions. Examples include the fimbriae of E.coli, 
and the capsule of Streptococcus pneumoniae. 

(h) Subunit (polypeptides). In this approach, a major antigenic peptide is used as the vaccine. Example: 
hepatitis B. 

(i) Recombinant. Synthesis of antigen by recombinant DNA techniques using prokaryotes, or lower 
eukaryotes (like yeast, or mouse fibroblasts). Examples: hepatitis B, E.coli toxins. 

(j) Recombinant infectious vectors. Insertion of genome into an infectious vector, such as vaccinia. 
Examples: herpes simplex. Shigella, hepatitis B, rabies. 

(k) Internal image. This approach is based upon the idea that the antigenic determinants of the pathogen 
are mimicked by the binding site of an anti-idiotypic antibody. So, you give the anti-idiotypic antibody, 
rather than a "true" vaccine. If you think this is complicated enough, try drawing it. 

(l) Synthetic peptides. Synthesis of sequential antigenic determinants. Examples: cholera toxin, polio. 


Well, there is no “ideal vaccine” but some are pretty good. Let’s take a brief look at the most important ones, 
starting with viruses. 

Hepatitis A. Hepatitis as an infectious disease was first recognized in the 17*^ Century as a cause of 
jaundice. It has a particular problem in the military, particularly in the two Great Wars. The disease runs its 
course over several weeks, and can be fatal in older people or people with pre-existing liver problems. 
Oral-fecal transmission is the basis, so contaminated food and certain naughty sexual activities are often 
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the cause. If you travel off the beaten track, you should get the vaccine, an inactivated whole virus 
formulation. 

Hepatitis B is widespread across the world, and causes chronic hepatitis; this can trigger liver failure 
and/or liver carcinomas. In 1942, American troops being vaccinated against yellow fever were given shots 
comtaminated with human serum containing the HepB virus. Over 28,000 got jaundice, 62 died. In 1965, 
an antibody was isolated from Aussie Aborigines which precipitated the virus; the current vaccine is made 
against a major protein. 

HPV, mentioned above I believe, is ubiquitous. It was not thought of as a big deal until it was realized in the 
1980’s that it was the cause of cervical cancer in women. It targets females in the 20-40 year old range, 
and is the second most cancer in the world, killing as many as 500,000 people each year. Active infection 
occurs within a year or so of becoming sexually active, hence the push to vaccinate before this happens. 
The vaccine targets the four primary clades associated with cancer, 16, 18, 31 and 45 [so-called high risk 
genotypes]. There are two vaccines available, recommended for girls 9-15 years old. Boys can carry the 
virus, so they should think about getting vaccinated also. 

Influenza was first recognized as a disease in the 16*'^ Century, and in 1918 and 1919 caused a pandemic 
that killed 20M people [maybe.. .see above...], unusually those in the 20-40 age group. It is now thought 
that the 1918 virus was a reassortant from avian flu; this certainly happened in the 1957 epidemic and also 
in Hong Kong in 1997 in which the H5N1 avian virus adapted to infect humans. Flu shots get offered each 
year based on gloal surveillance, but in 2008 this was inaccurate, so I shelled out $20 and still felt like crap 
from mid-Jan through March. In 1945 an egg based culture method was developed, more recently replaced 
by mammalian cell lines to make the current vaccines. 

Measles was recognized in the 7**^ Century. Because of the rash [“Koplik’s spots”], the Latin word rubeola 
[red lump] was introduced in the Middle Ages. The word measles probably derives from m/ser [Latin, 
miserable] garbled by early Brit soccer hooligans to mesels. In the lO**^ Century the Persian physician 
Rhazes distinguished measles from smallpox. Measles is devastating in young children, with up to 15% 
mortality [usually from pneumonia that develops]. In HIV-i- kids, half die. Even today, measles is the number 
one cause of preventable disease in the world. Prior to vaccination in 1963, there were 4M cases per year 
in the US, reducing the incidence by 99.7%. The vaccine is a component [Moraten strain] of the 
recommended MMR vaccine. [Occasionally there are vaccine failures; there was a minor epidemic of 
measles at CSU in 1989-90]. MMR vaccination rates in the UK went down alarming as a result of the 
Wakefield mess, described below, and gave rise to a major epidemic in the UK in 2012/2013. 
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Mumps was described by Hippocrates as a swelling of the head/neck and the testes [orchitis]. In 1790 
Hamilton also noticed CNS problems in some kids. The virus was identified in 1934, leading to a live 
attenuated vaccine appearing in the 1960s. The Jeryl Lynn strain [forenames of a girl who caught it and 
from whom the virus was isolated] is the most common vaccine strain. 

Polio was identified as a disease in 1789, but there are Egyptian writings around 1400BC that seem to be 
describing the symptoms. The virus was identified in 1908. Usually an enteric infection, about 1 in 200 get 
spinal infection and paralysis. Many died before the introduction of the “iron lung” in 1928 in the US. In 
1952 there were 21,000 cases of paralysis in children in the US. The introduction of vaccines, the current 
one is a trivalent live attenuated virus, essentially eradicated the disease. In 2000 the WHO announced it 
officially eradicated, presumably meaning they could no longer find it in downtown Geneva, but there are 
still sporadic cases in Afganistan, Pakistan, India, and that oil-soaked jewel of Africa, Nigeria. Someone 
recently told me there are hotspots in rural India where kids have been given the vaccine multiple times but 
it doesn’t “take” for some reason. 

Until recently we actually were beginning to think that Polio was essentially done with*, but, believe it or not, 
there are still reservoirs of virus originating from the polio vaccine which have reverted back to neurotoxicity. 
Outbreaks in Hispaniola, the Phillipines, and in Egypt were caused by these polio viruses. 


* In the past year or so entities such as the Red Cross, GAVI, and the Gates Foundation have made a 
concerted effort to eradicate polio in Pakistan and India, to try to get rid of it “for ever”. This drew the 
attention of the Taliban, who decided to show their deep appreciation and help things along by finding the 
[mostly] female aid workers who were vaccinating babies, and shooting them in the head. 

The excuse for this, if that’s the right word for vile barbarism, was that the vaccinations are part of a 
conspiracy to sterilize and reduce the world's Muslim population, a rather strange explanation given the 
ability of Muslims, in that region of the world at least, to happily kill their own fellow believers on a regular 
basis. 

Probably the real reason however was the actions of Dr. Shakil Afridi, a Pakistani physician. He set up a 
vaccination program in the garrison city of Abbottabad to give kids the polio vaccine, but in the process he 
was also quietly collecting mouth swabs for DNA analysis. This included trying to get samples from kids 
living in this rather bland but fortress-like compound on the edge of town, but they refused. Neighbors said 
they kept to themselves and never bothered anybody, and the man of the house was unusually tall. 

Not long afterwards Seal Team Six showed up for tea and a chat. 


234 



Afridi should have dun a runner, but stayed put and was then arrested and tried by a local “Tribal Council”. 
Because the world was watching they couldn’t do the usual thousand lashes and cutting off of hands, so 
they jailed him for 33-years for treason. Sadly, because polio was used as part of his [CIA backed] 
subterfuge, aid workers are now getting killed. 

A slightly different issue arose last year in Israel, when polio suddenly appeared across multiple rural 
Bedouin communities across the country. This was a shock because not only does Israel have excellent 
overall coverage [>95%] but they use the highly effective and more expensive inactivated polio vaccine. As 
it turns out the IPV stops all that nasty spinal stuff, but it doesn’t generate much mucosal immunity in the 
gut [the oral vaccine does this well] so polio can still be transmitted [via feces], an important factor where 
there is poor sanitation, such as rural Israel. They are now responding to this by trying to give everyone the 
oral vaccine as well. As for the wild type virus itself, genetic analysis indicates it is identical to one running 
across Pakistan in 2012, which has also spread into Syria as everyone in that region is busy trying to kill 
each other. 

Rabies, or lyssavirus, was known to the Ancient Greeks, and in 1 AD the Roman scholar Celsus detailed 
the disease. Pasteur protected dogs using dried spinal cords from infected animals, and in 1885 this was 
successfully applied to a human bitten by a rabid dog. In the US skunks, foxes, rugby players, and bats are 
the primary source. The vaccine is grown in cell lines, then inactivated. A new recombinant protein vaccine 
[G protein] is becoming available. 

Rotavirus is the leading cause of diarrhea in children worldwide, killing about 600,000 each year. In the 
US there are nearly 3M cases a year, but deaths are rare. A vaccine was developed in 1999 [RotaShield] 
but was withdrawn because of a rare side effect [intussusception; twisted bowel]. A newer version, a live 
attenuated virus, was introduced in 2006. 

Rubella or “German measles” [due to German doctors describing it] was described after an outbreak in 
India in 1841; it causes a small red rash [Latin, rubella]. The virus itself is no big deal; I was in the shower 
when I was 21 and suddenly noticed my body was covered in red pimples, so I began to wonder what I had 
done the night before. But the big issue is fetal deformity in pregnant women exposed to it. There was an 
outbreak in the US in 1965; 12M cases, with 30,000 pregnant women affected. Five thousand aborted, 
another 6,000 had spontaneous abortions, 2,000 babies were stillborn, 11,000 babies were born deaf, 
3,000 blind, and 2,000 mentally retarded. This stimulated a huge push to make a vaccine, in wide use 
since 1970 [the three major ones are RA27/3, HPV77, and Cendehill]. But there still is not complete herd 
immunity; in 1997 an outbreak in the Amish in Pennsylvania, who refuse to be vaccinated, not only affected 
these people but spread into surrounding areas as well. 
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SARS.. .severe acute respiratory syndrome, popped up in 2003, when a doctor from Guangzhou when to 
visit relatives in Hong Kong, and took this previously unrecognized coronovirus with him. He died soon 
after, but not before spreading the virus. By five months, over 8000 people had the disease in 30 countries, 
with 774 deaths. For once WHO and friends were on the ball, the virus was identified, and quickly 
sequenced. Transmission modes were quickly jumped on [heat detectors in airports to detect passengers 
running temperatures for instance]. This was a very useful learning curve, because the measures 
implemented were used rapidly in 2009 when H1N1 showed up. 

In 2012 a new coronavirus turned up in the Middle East [MERS] or Middle East Respiratory Syndrome. It is 
occurring primarily in Saudi Arabia, and by the summer of 2014 had killed over 175 people [about 20% of 
cases], with symptoms similar to SARS. Three possible cases were reported in the USA, in people 
traveling from the Middle East. Possible animal reservoirs are racing camels [popular sources of meat and 
milk], which have antibodies to the virus, and bats, which carry very similar viruses. Contact with camels is 
probably the primary source, but human to human transmission can occur, especially in environments are 
unhygienic. Camel liver is a delicacy, often given as a gift, and sometimes eaten raw. As more and more 
people become more prosperous, such as in [FIFA’s beloved] Qatar, the demand for camel meat has 
increased, and so more are imported to meet this. The same applies to racing camels, a top animal can be 
worth $5-10-Million, so race courses can be a major arena for virus transmission. 

In the Spring of 2015 MERS suddenly showed up in camel-deficient South Korea. By mid-June more than 
1600 people were quarantined or under observation, and over 1100 schools had closed their doors. The 
number of verified cases by that point had reached 154, with 19 deaths, making this MERS outbreak the 
biggest to date outside Saudi Arabia, where the virus had now killed over 400 people since 2012. [The 
case fatality rate of MERS is about 36%]. 

South Korea’s first case of MERS was a 68 year old Korean man who had returned eight days previously 
from a trip to Saudi Arabia and the United Arab Emirates, so he was almost certainly “patient zero” as they 
say. Developing a cough and fever, he sought medical attention at three different clinics before being 
admitted to Pyeongtaek Hospital, and even there the doctors didn’t think he had anything serious [and 
certainly didn’t ask if he knew any camels]. Of the 36 cases identified to date, 29 were contracted in 
Pyeongtaek Hospital. The hospital has been closed and its entire staff quarantined. 

He shared a room with another patient, who contracted MERS. That patient’s son later travelled to Hong 
Kong and then mainland China, breaking voluntary quarantine. His MERS was diagnosed in Guangdong 
province, where he is now quarantined. 

Everything finally calmed down in South Korea by late July, by which time the score was 186 cases with 36 
deaths. 
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An even more scary outbreak arose in CentralA/Vest Africa in 2014 when Ebola, which pops up from time 
to time [20 or so times ince 1976], appeared with a vengeance. Ebola causes a severe hemorrhagic fever, 
with the virus excreted in body fluids and by bleeding. Africans believe in a ritualistic washing of the body, 
making it easily transmitted [some aid workers met with violent resistance when they tried to stop these 
rituals and safely bury bodies]. Three countries, Liberia, Sierra Leone, and Guinea were severely affected. 

Not long into the outbreal healthworkers themselves, as well as an NBC cameraman, got infected, and 
were shipped back to the States for treatment. [Immediately almost, our Republican politicians, who dispise 
science/evolution/climate change, etc, asked us scientists where were the treatments?]. The best approach 
was to aggressively replace fluids and electrolytes, and give antibiotics to prevent secondary infections 
[“Maximum Use of Supportive Therapy”]. There were also some highly experimental “drugs”, but nobody 
knew if they would work. The first was “ZMapp”, a pool of three chimeric monoclonal antibodies that had 
been expressed in tobacco plants. It was given to seven people, two of whom died, and the supply quickly 
ran out, so nobody knows if it actually had any effect. The second was an “RNA interference” reagent, but it 
was quickly excluded because of safety concerns. At the end of the day, probably the real reason these 
people survived is that they got shipped to hospitals in the USA, UK, and Germany, where the care and 
support was excellent. 

Various vaccines are being developed, including a replication-defective version of Ebola, which protects in 
animal models including macaques. And I suspect that already in the halls of “BigPharm” the marketeers 
are already asking “...and who will be buying this exactly...”? 

Current data suggests that the virus is taken up by micropinocytosis into an endosome. There the virus 
interacts with a host protein, Niemann-Pick Cl, releasing the viral genome into the cell. This seems to 
involve calcium channel protein signaling, because cells lacking these aren’t infected. A Chinese medicine, 
tetrandrine, blocks this and improves the survival in Ebola-infected mice. It’s not approved over here, so we 
can expect it on the Dr Oz show shortly. Still, the same can be said for brincidofovir and favipiravir, two 
“Ebola drugs” which are being tried despite no real evidence they might work. 


Smallpox was eradicated in 1980, only for it to come out that Soviet ballistic missiles had warheads 
packed with the virus [well, so Dick Cheney thought]. Presumably the idea was that you vaporize your 
capitalist enemies, then wait for the smallpox to come back along the Jet Stream and kill you slowly 
yourself. The disease probably arose in Africa then was taken by Egyptian traders to India in the first 
millennium BC. Thucydides describes the Athens outbreak in 430BC. In the 6**^ Century the Swiss took a 
break from yodeling to coin the term “varius” which became variola. The Anglo Saxons called it pocca, and 

237 



this became pockes or pokkes. In the le’*^ Century it wiped out the Mayan and Inca civilizations, and in the 
18**^ it was causing 400,000 deaths a year, including five European monarchs [admittedly there was no 

shortage of them, and I can think of a couple today.]. In the 1940’s a stable freeze dried vaccine was 

developed, and a case in Somalia in 1977 was thought to be the very last. Smallpox vaccination ended in 
the US in the 1970s. 

In fact, smallpox has long been a bioweapon. My ancestors in the French/Indian war gave smallpox soaked 
blankets to the Native Americans; sorry about that. In 2006 the American company Acambis made 300 
million doses of the vaccine, now snug in a very large fridge in Boston. 

Varicella-Zoster virus causes chicken-pox and shingles, the latter a very painful illness. Found in 1952, 
the virus is very serious in immunocompromised people, as well as in people having kidney transplants. 
Vaccination with the Oka strain has been routine in the US since 2006. 

Yellow fever or flavivirus appears in Mayan writings in 1648, and probably arrived fom Africa. By the 18**^ 
Century it was widespread in both Africa and the Americas. In 1793 an outbreak occurred in Philadelphia, 
killing 10% of the population, and in 1878 there were 13,000 deaths in the Mississippi Valley. In the late 
1800s mosquito control dropped the incidence dramatically, indicating its method of transmission. Vaccines 
appeared in the 1920s and 1930s; today the 17D live vaccine is highly effective. 

As for bacteria.... 

Anthrax has three different forms, cutaneous, inhalation, and gastrointestinal. It is thought to be the and 
plagues described in Exodus, and was also recognized by Hippocrates. In UK in the 1800s it was called 
“wool-sorter’s disease”. Koch isolated it in the 1870s. In 1979 it escaped from a Russian biowarfare lab and 
killed 66 people locally. In 2001 weapons grade material was sent in the US Mail. If this was a terrorist 
attack it made little sense, since the recipients were Tom Brokaw [the former NBC newscaster with the 
inability to pronounce the letter “L”] and the National Enquirer, the magazine that publishes cutting edge 
journalism such as “Rockwell Aliens Ate My Four-Headed Grandmother”. Nobody knows the source [until 
recently, see above]; it may well have been an inside job by somebody with an axe to grind at the Frederick 
labs storing it. The vaccine, against the “Protective Antigen” toxin, is made from live bacterial cultures. 

Cholera has caused pandemics throughout history, and prior to modern treatments was 50% fatal. There 
are still 100,000 deaths per year worldwide. Contaminated water is the source. The English physician John 
snow, a pioneer of anesthesia [he gave chloroform to Queen Victoria when she gave birth to the last two of 
her nine children], didn’t like the idea that cholera was caused by “bad air” [miasma] and looked carefully at 
an outbreak in Soho, Central London, where he noticed the cases directly correlated to a particular public 
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water pump [probably the very first application of what we now call epidemiology]. It was subsequently 
found that this pump drained water only feet from an old cesspit. The London government sprang into 
immediate action... they removed the pump handle... Koch identified the bacterium in his famous studies, 
and the toxin was subsequently discovered. 

Cholera is still doing well, due to strain 01/El Tor, which arose in Peru in 1991. Until recently the vaccine 
was a whole cell killed vaccine, but a new live attenuated vaccine [103-HgR] seems to afford the best 
protection. A new vaccine, Peru-15, is still under test. 

Diphtheria was described by Hippocrates in the Century BC, grown by Loeffler in 1884, with the toxin 
being discovered four years later in 1888. The disease remains endemic in many regions of the world, and 
is a huge cause of mortality and morbidity. Initially, an antitoxin was raised in horses, but “Jim the Horse” 
[really] produced antiserum contaminated with tetanus and 13 children died when given it. Because of this 
accident, the Food and Drug Administration was formed in the US. The first vaccine, made as a toxoid, 
appeared in 1920. Extemely rarely, children given pertussis vaccine seem to develop serious neurological 
symptoms, a phenomenon that has created controversy about its relative risks and benefits. In England in 
the mid-1970's, horror stories fueled by uneducated discussion* caused many parents to avoid DPT 
vaccination for their children, which was followed by an outbreak of 102,500 cases from 1977 to 1979, with 
36 deaths. 

[* Secondary to the weather, people waiting at English bus-stops love to talk about their health. "Did you hear, Mr. 
Smith bit his own leg off.Mrs. Jones has exploded...." etc, etc.] 

Hemophilus causes ear infections, sinusitis, and bronchitis. It was distinguished from “flu” in 1918, and 
identified as a bacterium in 1931, when it was found to exist with and without a capsule. From 1985 
conjugate vaccines against bacterial polysaccharides have proven very effective [“Hib vaccine”]. 

Neisseria causes fever, headache, and pneumonia, but can also cause fatal meningitis. To illustrate its 
broad appeal, meningitis occurs both in US college kids [freshman dorms] and in Muslims attending the 
Hajj in Mecca. There are 3,000 deaths a year in the US, and the infection is 80% fatal if not treated. A 
polysaccharide vaccine against the capsular types A, C, Y and W-135 [“Menacta”] is licensed in the USA. 

As you know, this genus also causes gonorrhea, a common STD. Rates in the US are climbing, as is drug 
resistance. 

Pertussis was described in 1578 due to an outbreak in Paris. In 16**^ Century UK the disease was called 
“chyne-cough”. Bordet isolated the bacillus in 1906. 
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As we saw above Bordetella pertussis is a serious bacterial pathogen that causes “whooping cough” in 
children. Once a feared disease, case rates were driven to very low levels in the USA [where, a century 
ago, 5 out of every 1000 kids died from it] and other developed countries by the introduction of the DPT 
vaccine in 1948. 

Kids getting DPT sometimes had side effects, particularly fever, and while they were mild the feeling grew 
amongst some parents that the vaccine was unsafe, with some even stating that it causes brain damage [in 
reality extremely rare, with no direct evidence for this even now]. At the time DPT consisted of whole heat- 
killed Bordetella, detoxified diphtheria and tetanus bacilli, so about 35 years ago a new vaccine, DTaP, was 
produced to try to deal with the public anxiety. This was initially made in Japan, and consisted of the most 
important bits, the FHA antigen, the toxin, and a few other bacterial components. And it looked good, 
reactions in kids mostly disappeared, and it gave just as good serum antibody levels as the first one did. As 
a result, it has almost completely replaced the original whole vaccine. 

The USA is now experiencing its worst pertussis epidemic in memory, in fact, from 1995 or so the rates 
have been rising alarmingly. In 2012 it had reached 50,000, with nearly 20 deaths, and so far in 2014 
California alone has reported over 3400 new cases, thus officially declaring an epidemic, and increasing 
rates are being seen in multiple other states including Colorado, Wisconsin, and Texas. 

There are two reasons for this. The first is misinformation. When Jenny McCarthy goes on Oprah and 
blames her son’s autism on vaccines [it turned out he didn’t even have it] the star struck twits in the 
audience actually believe it [just as now they believe the pathetic Dr Oz and are eating raspberries to halve 
their body weight]. As a result the numbers of children getting vaccinated has dropped. The second reason 
is that in an effort to make the vaccine “safer” in retrospective we have now made a vaccine that is not as 
good. Okay, the antibody levels are where they should be, but the protective efficacy still wanes [starting 
about 2-years after their final shot in young children in a recent study in Australia]. 

Because of this, it took a while before we realized this was happening. Comparative studies started to 
show that kids that had lower antibody levels after whole vaccine still were highly protected compared to 
kids who had the newer version and even higher antibody levels. One suggestion is that preparation of the 
new vaccine tosses out the bacterial endotoxin, which we know triggers all those wonderful Toll systems. 
Another finding is that a bacterial protein, perlactin, a 69-kDa adhesion thought to be a big antigenic target 
on the bacterium, is now missing in a whole bunch of new isolates across the world [including Australia 
where rates of pertussis are particularly high], suggesting that the organism itself is not sitting back, but 
adapting. 


240 



Right now, efforts are being made to boost what immunity there is. Boosts are being given to pregnant 
Moms in England, and this seems to protect the newborns better as well. There is a new animal model, the 
baboon, which predicts outcomes better than macaques. Some manufacturers are adding additional 
antigens, and there is the possibility that the alum adjuvant can be replaced as well. In 2014 the first safety 
trial of an attenuated live bacterial vaccine, BPZE1, was performed - this mutant has several of the nasty 
genes deleted, and the toxin sequence changed so it is inactive but still immunogenic. There are still 
problems, however, ranging from the potential that messing with the P might interfere with the immunity to 
the D and the T, to the investment needed by the vaccine companies, who are already snake bitten to 
begin with thanks to Wakefield, McCarthy, and their jolly pals. 

Plague caused the Justinian epidemic from 542AD to 750AD across the Mediterranean, then popped back 
for the Black Death [1347-1353] where it killed 25M people. It caused the Great Plague in London in 1665, 
arriving on Dutch trading ships, killing 100,000 [one fifth of the population of the city]. Things tapered off the 
following year, but by then most susceptible people had died, and then the Great Fire burned half the place 
down. Transmission is by flea bite, then when the infection gets into the lungs human to human 
transmission occurs. There are multiple vaccine types, including whole cell [KWC vaccine] and ones 
targeting virulence factors [FI, V]. 

Pneumococcus [Strep] is a big problem in young kids and older people. It is part of the normal 
nasopharyngeal flora. A 23-valent polysaccharide is rountinely given. 

Tetanus was recognized in antiquity. The neuromuscular effects were demonstrated in 1884, and the toxin 
identified in 1890 [there are actually two; tetanolysin, which lyses cells, and tetanospasmin, which does the 
synaptic damage]. A toxoid was first made in 1924. In humans, tetanus can arise from various situations, 
such as contamination of the umbilicus*, wounds or insect bites, or surgical incisions in which the cut is 
exposed to the contents of the gut. 

[* in some parts of the world animal feces are applied to the stump as a "poultice"!] 

Typhoid was first recognized in the late 1 700s, transmitted by contaminated water. It was such a problem 
in the military that a killed vaccine was first tried in the Indian Army as long ago as the 1890s. There are 
30M cases a year, with up to half a million deaths. Both dead and live attenuated vaccines are available. In 
fact, typhoid vaccines are still developing, and the latest [ZH9] consists of a genetically modified S. typhi in 
which the type-ill secreting system has been knocked out. 

As for parasites .well, there’s not much to report. Some limited attempts have been made against some 

of the lovely worms, and there is now a reasonably promising new protein subunit-based vaccine for 
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leishmaniasis delivered in a new generation adjuvant that works pretty well in dogs [dogs everywhere 
delighted]. Malaria is by far the most compelling target obviously, with 200MM+ cases a year and half a 
million deaths. A single protein vaccine, “RTS,S” got a lot of press recently, but its efficacy was 30% at best. 
An alternative candidate now being promoted consists of irradiated but intact sporozoites, given 
intravenously. In a very small trial 60% protection was seen. So, all you need to do is dissect out tons of 
mosquito salivary glands to get the few hundred thousand parasites you need for the vaccine, irradiate 
them, preserve them and get them to the trial site in liquid nitrogen, then find a vein in the young children 
you’d like to vaccinate. Piece of cake. 


We still face multiple threats, and lots of new vaccines are currently under development. Amongst the 
targets are....various biodefense agents [VEE, Junin virus, Q fever, tularemia. Rift Valley Fever], Dengue, 
Shigella [Shiga toxins]. Ebola, EB herpesviruses. Heps such as C and E, HIV [obviously], Lyme Disease, 
Malaria, RSV, parasitic diseases [Schistosoma, Leishmania], SARS, MRSA, groups A&B Streps, etc. 
These serious pathogens aside, the continued advances in the vaccine field are particularly important to us 
who travel abroad fairly frequently and get tired of limping home with.. .er.. .gastrointestinal problems. My 
remedy is simply not to drink the water, after all that is why God invented beer. 

Also, vaccines can [potentially] be made against non-infectious diseases and conditions. This includes 
tumors, Alzheimer’s, multiple sclerosis, allergies, drugs [nicotine, cocaine], and contraceptives. 
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WARNING: VIEWER DISCRETION VERY STRONGLY ADVISED 


23. AN [EVER EXPANDING] ESSAY....DO VACCINES CAUSE AUTISM? 

No. 

I’ve reached this conclusion after reading a lot about it, particularly all the data about DPT, MMR, and the 
use of thimerosal as an additive. Am I biased because I myself work on vaccines? No, I’m biased because 
my eldest son is autistic. 

There is no vaccine out there that is 100% safe. All vaccines have the risk of “adverse events” which can 
range from a lump on the skin, to a brief fever, to irreversible brain damage. The latter is extremely rare 
[and now mostly discounted even in the context of DPT], but it happens and we cannot hide this fact. 

Let’s deal with thimerosal first, ‘cos that’s easy. Companies started putting this organomercury compound 
into vaccines as a preservative in the 1930’s. Some people began to link this with autism and other brain 
disorders, and despite the /act that the major medical organizations [CDC, Pediatrics groups, etc] clearly 
stated that there was no evidence to suggest this, this disappeared under a pile of media frenzy and 
advocacy/grass-roots organizations who claimed the opposite. In the UK, after such groups pointed the 
finger at the MMR vaccine, coverage dropped to 83%. Of course, these diseases are not usually fatal, and 
only cause orchitis and infertility in men, occasional brain damge, and horrible birth defects in the babies of 
pregnant women [so, that’s okay then....]. 

A big thimerosal exploiter/tub thumper was Mark Geier, who published several papers [with his son David 
Geier of George Washington University] suggesting a relation between mercury exposure during infancy 
and the onset of brain disorders such as autism. Just as in the UK, lawyers love this stuff and Geier acted 
as an “expert witness” in over 100 hearings on the topic [getting big bags of cash from the ambulance 
chasing lawyers], in many of which his “expertise” was revealed as utterly laughable. This, I’m sure, had 
nothing to do with his filing of quack methods to “treat autism”. 

In 1999, the American Institute of Pediatrics bit the bullet, and said well okay, take this preservative out of 
the vaccines. Yet again the media/advocacy groups went crazy, taking this recommendation as evidence 
that thimerosal was indeed unsafe. By 2001 most vaccines did not contain it. 

Okay, so thimerosal was the cause of autism. So you take this out of vaccines, and the rate of autism will 
fall, correct? In fact, since it was removed, autism rates have gone way up. 
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Most of the criticism of vaccines was pointed at the MMR vaccine. In 1993 some people suggested a link 
between MMR and Crohn’s disease in kids, a story we will visit in all its disgusting glory in a minute, and in 
1998 this connection was expanded as an explanation for autism as well. 

But this is where the story gets crazy. It evolved far beyond merely a scientific debate, and descended into 
a story of misconduct, greed, alternative medicine dogshit, and pure quackery. This is an unbelievably 
disgusting tale, which appalled me when I began to understand what actually had happened. 

As noted above, on February 28th 1998 the snooty British medical journal The Lancet published a paper 
claiming a link between the MMR vaccine and the onset of autism. This conclusion, obviously, was 
terrifying. The lead author [of a total of 13], Andrew Wakefield of the Royal Free Hospital [a Med School in 
North London] held a big televised press conference [plus a press release and a video news release], 
along with another 12 doctors involved in the study [one wonders what they all did], and soon after MMR 
vaccinations dramatically dropped. Quickly, the incidence of measles, mumps, and German measles 
jumped up alarmingly in British children. 

This stirred up a hornet’s nest of debate, not to mention a lot of self recrimination amongst parents who 
blamed themselves for their kids “vaccine induced” autism, but a lot of medical people were very 
concerned. They were seriously worried about the drop in vaccine coverage and subsequent illness, but 
they were also starting to become extremely worried about the robustness of the original data itself. By 
early 2004, the doo-doo seriously hit the fan. The reason was the exposure of Wakefield [by the journalist 
Brian Deer, see below] as a seriously dodgy individual who had manipulated the data and selected the 
“patients”, while receiving very large bags of cash under the table from a lawyer trying to sue the MMR 
companies “for causing autism”. And that was just the tip of the iceberg. 

The study itself looked at just 12 kids, 8 of whom suddenly developed autism-like disorders almost 
overnight, at least according to the authors. Symptoms were predominantly gastrointestinal, in the theme of 
“MMR causes Crohn’s” [and later re-diagnosed as constipation!]. Wakefield’s paper then claimed that MMR 
vaccination was the root cause. People quickly pointed out errors and inconsistencies in the paper 
[like.. .er.. bit strange that these kids all got these symptoms one right after the next.. .er...], but the Lancet 
editor, Richard Horton, who just by chance also worked at the Royal Free Hospital, defended the study and 
pushed for its publication. 

In fact, it is hard to find any evidence at all that MMR had anything to do with symptoms in these kids. 
Despite this the paper stated “onset [of symptoms] was associated by the parents with MMR vaccination...” 
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[my italics]; and that onset “..to first behavioral symptoms was just 6 days...” Well, it must have been the 
vaccine then... 

It was implied that the kids in the study just turned up randomly, referred by local doctors [“General 
Practitioners”], and all walked in one by one with symptoms soon after MMR vaccination. But this was not 
the case; it turned out they were all referred to Wakefield, some of them via “JABS” a British anti-vaccine 
crowd, by an ambulance chasing lawyer [Richard Barr] who was looking around for evidence so he could 
sue the vaccine makers on behalf of JABS; he had earlier failed to sue the makers over the DPT vaccine 
as well. After the study was announced at the Royal Free press conference, Barr ended up with 1,600 
litigants. Nobody externally knew that part of the “srudy” was being funded under the table by Barr, all 
except the Dean of the Medical School and the School’s Chief Executive, and they kept suitably dumb. 
When the paper was published, it simply acknowledged funding from “Special Trustees” since “bent 
lawyer” won’t have looked good. 

Needless to say, the Lancet editors were a bit embarrassed, and published an editorial statement on March 
2004. This stated that they had found out that [1] studies by Wakefield and his colleagues were 
performed on children without consent [very serious], and were hidden under regulatory approval [by the 
Royal Free Hospital in London] given to a completely different study protocol; [2] the study leaders had 
“invited” parents who thought that MMR had caused autism in their kids to be part of the study, obviously 
biasing the whole thing; [3] these kids were part of a huge [class action type] law suit suing the vaccine 
makers, something the authors...er...forgot to tell the Journal; [4] that the study data was leaked to the 
lawyers leading the suit, again not disclosed; [5] that Wakefield got a very very big bag of money from 
these lawyers, also not disclosed. Oooopps. In fact, just before the Lancet statement 10 of the authors on 
the Wakefield paper retracted their claims and their paper. You wonder what the exact role of these doctors 
on the study actually were to begin with? The Lancet editor [Wakefield’s boss] Horton said he “regretted” 
publishing “fatally flawed data”, after championing the cause for the previous six years. Too f— late pal.... 

A good old British stitch-up. But then it got far worse, because the British papers started to dig into it. No, 
not those Murdoch newspapers that publish photos of half naked girls [or Prince Harry naked in that Vegas 
hotel room] and have headlines like “Beckham gob-smacked dun a runner wanker says Posh Spice”, but 
the Sunday Times, which has an excellent record for publishing words of more than one syllable. This was 
led by a brilliant reporter, Brian Deer, who started to chip away at the truth in the Fall of 2003. 

What the Times found was astonishing. Wakefield had a bunch of patent applications under the table, 
including “Wakefield’s box” [nobody even now knows what this did!] but the piece de resistance was a 
patent with an American quack/lunatic/massive total charlatan called Hugh Fudenberg. These patents were 
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mostly “new age” treatments for autism, but none of them had any chance, nor would Barr and his ilk make 
any cash, un/ess the reputation of MMR as an effective vaccine was damaged. Capisce? 


While on the topic of patents, in 1995 he patented the claim that Crohn’s Disease was caused by the 
measles virus, including the inactivated one in MMR [nobody has ever found this virus in these patients]. 

As noted above Wakefield held a press conference at RFH, and appeared on TV to push this idea, citing 
his really crap paper in the Lancet that claimed this association. Wakefield even managed to connect all 
the dots. The MMR vaccine damaged the gut, causing the Crohn’s-like effects; this then caused the 
release of “opioid peptides” from improperly digested food [huh?], these then went to the brain, and you got 
autism. Sounds reasonable, right? Especially to Barr, because despite its lunacy and utter lack of any 
scientific proof, it provided the basis for him to contact his clients and ask if they had any history of having 
the MMR vaccine, diarrhea, or even mouth ulcers. Apparently, those that fitted the bill the best ended up in 
Wakefield’s dozen. Moreover, a “temporal association” - you give the jab and they get autism, strongly 
supports any law suit for product liability. [Eventually, it was determined that most of the kids did not have 
autism at all, and that there was an obvious undercurrent to suggest the whole thing was commissioned 
and funded to set up lucrative future lawsuits]. 

Britain has a Legal Aid Board to which citizens can apply for money if they do not have funds themselves 
for a legal complaint. Barr and Wakefield asked for cash, submitting a document stating they would prove 
MMR caused autism once and for all; i.e. not test the hypothesis, look for association, that sort of thing.... 
Even some Wakefield’s colleagues at RFH expressed concern that the patients [or parents] had “..a vested 
interest” and noted the “...litigant patents of research work in progress...” but otherwise kept their mouths 
shut. By the time the study was published, ten kids had already received legal aid to sue the manufacturers. 

Quietly waiting in the wings, advocacy groups jumped on the bandwagon, including JABS and the Allergy- 
Induced Autism organization. In both cases the lawyer for these organizations was....you guessed it. 

The Times also found out that the symptoms the vaccinated kids reported were vague; crying, rash, 
irritable, etc, none of which properly fits into the “behavioural symptoms” needed to make Wakefield’s case. 
Even worst [for Wakefield at least] a big study then arose by Canadian and British groups showing such 
symptoms in only two kids out of the 493 kids who subsequently jumped on Barr’s lawsuit. 

But things got even stranger. The Times uncovered a patent filed by Wakefield in June 1997 in which he 
claimed a new “combined vaccine and therapeutic agent” that was safer to use [than MMR] in neonates 
and which could also treat, even cure, Crohn’s-like disease. No conflict of interest there then... 
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This wonder therapy was the basis of a deal with a South Carolina disbarred doctor by the name of Hugh 
Fudenberg. Uncle Hughie treated autistic kids with “transfer factor”, which he made on his kitchen table 
“like pasta, rolled out to be three molecules deep...”. The material in question “comes from my own bone 
marrow” Dr Fundenberg explained to Brian Deer. Of course if any of this had been public knowledge at the 
time, Wakefield would have been exposed as what he really was, a total fraud [moreover, nobody at the 
time noticed that he had formed a Company, Immunospecifics, to commercialize these brilliant advances]. 
Amazingly, Fundenberg even got a paper published [by a now defunct quack journal called “Biotherapy”], 
listing his address as the NeurolmmunoTherapeutics Research Foundation [apparently, his kitchen]. 

Immunospecifics Biotechnologies Ltd, had actually been in the works almost from the beginning. It would 
produce a diagnostic test to prove your kid was autistic and also had Crohn’s disease [“austistic 
enterocolitis”] because of the antibodies to measles, as well as make a “safer single measles shot”, and 
make Wakefield a gazillion dollars. Soon after the press conference one of the parents of the Wakefield 
dozen, as well as a businessman, and a venture capitalist, showed up with Wakefield at the Royal Free to 
suggest setting this company up within the School. Within the business plan Wakefield had even managed 
to include Fudenberg’s transfer factor horseshit. By that time the whole collegiate University of London was 
being reorganized and contracted, and so the Royal Free disappeared into University College London, 
whose commercial arm, Freemedic, showed great interest [no wonder, they were getting deluged with 
phone calls from parents as the vaccine scare escalated]. The company was named Carmel Healthcare 
[after Mrs Wakefield] and registered in the Irish Republic. In an initial prospectus, the company wished to 
raise Pounds Sterling 700,000, estimating that by year three profits would be PS-3MM rising to PS-28MM 
as their therapeutic regimes were developed. 

The company would be paying Wakefield and also his travel expenses, and since this was a massive 
conflict of interest, he had to keep the lid on all of this. In addition a clause in the partnership agreement 
required Freemedic to keep this all secret as well. UCL never signed it in the end, but kept Deer at bay for 
three years before finally caving in under a freedom of information request. 

Just as Wakefield was about to launch his new company, everything collapsed. Wakefield’s boss, Roy 
Pounder, was the top dog gastro doctor at Royal Free, but UCL brought in a new Head of Medicine, Mark 
Pepys, a heavy hitter who from the beginning had serious doubts about Wakefield and quickly noticed the 
above mentioned conflicts of interest. Wakefield was presented with a letter stating that the School was 
disturbed by Carmel Ltd promoting “premature, scientically unjustified publication of results, which do not 
conform to the rigorous academic and scientific standards....etc”. A nice way of saying “we don’t believe 
you..” 
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It wasn’t a complete kick in the balls though, and UCL offered him time to try to verify his earlier findings as 
long as he kept low profile until this was achieved. But that study never happened, because as Deer noted 
Wakefield was fully aware that “trying to replicate [the Lancet study] with greater numbers would have been 
hopeless”. As a delaying tactic Wakefield blamed UCL for the whole thing, and they shoved him out the 
door. He was given two years salary, and a promise from the Royal Free they wouldn’t say anything mean 
about him. 

In September 2003 the entire BarrA/Vakefield MMR vaccine lawsuit collapsed. Even the three High Court 
lawyers representing Barr smelled a rat, telling the Judge that “as the evidence stood, there was no 
reasonable prospect of establishing that the MMR vaccine could cause [autism]”, and the whole thing was 
dropped. The JABS gang went ballistic, blaming everybody. Wakefield then sued Deer for libel in 2007, but 
lost and had to pay Deer compensation [but that was okay because Wakefield by this point was a very 
wealthy man]. 

The Times had also uncovered that, as early as February 1996, Barr was paying Wakefield $300 an hour 
as a retainer/expert. This is what the Brits call “a nice little earner”. [Deer estimated Barr had given 
Wakefield 435,643 British Pounds [over $600,000]]. On top, the Legal aid program shoved another 
$110,000 into his trouser pockets. Most of Wakefield’s RFH colleagues had no clue any of this was going 
on [apparently....we have to assume this, maybe Andy was picking up all the bar tabs at that delightful 
Youngs pub just down the road from RFH]. Further digging found that the Legal Aid system, collectively, 
shoved into his snout over $780,000 in all. This program is designed to help poor people have access to 
lawyers if they need one. Good use, huh? Despite his modest salary, Wakefield put his house up for sale in 
2007 for a measly $5,677,550. In addition, it has been estimated that Barr spent as much as $30M of 
taxpayers money in his 12 year campaign against the MMR vaccine. 

Wakefield took none of the growing criticism lying down. Amongst his tactics, he unleased Carol Stott, a 
now-terminated, temporary junior researcher in Cambridge University's psychiatry department and 
“professional witness”, who sent Deer lots of threatening emails, often at 3 or 4 in the morning. Deer 
subsequently found out that Stott was associated with a phony "Cambridge Psychometrics and Autism 
Practice." Her now-abandoned website suggested that she had made plenty of cash from the parents of 
autistic children, and records show payments to her of more than £153,000 [$210,000] from Wakefield. She 
claimed expertise in "medico-legal and educational-legal expert witness work", but was actually an 
academic, not a clinical, psychologist, and was reportedly paid another $160,000 by a UK lawyer desperate 
to find anyone to attack the MMR vaccine [probably Barr]. Wakefield must have liked her style, because he 
took her with him when he fled to the USA. Maybe she....no, don’t go there. 
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He also hired the services of Carter-Ruck, one of the UK’s most feared libel law firms [known in England 
lovingly as Carter-F—k]. They went after the allegation that The Times had libeled Wakefield over his 
relationship with Barr, but soon the boys at CF realized they were onto a total loser, and were never heard 
from again. 

In 2006 the General Medical Council charged Wakefield with research misconduct, fraud, exploiting 
children without clinical necessity [this included the astonishing “buying blood from children at a birthday 
party”, for a fee of $8], lack of ethical approval, lying to the Medical Research Council, and hiding his 
astronomical conflicts of interest. The case began in 2007. 

And what of Wakefield today? He fted-moved to the US and now runs a business in Texas called 
“Thoughfull House” which performs colonoscopies. He still campaigns against vaccines, and in the US is in 
rich territory, given all our fringe/advocacy/nutcase conspiracy groups who love to hear such things. 

Scientists fake data. It happens rarely, but it happens. In this case data was selected and manipulated for a 
combination of personal ego and arrogance, and monetary greed of the very worse kind. But parents with 
autistic children desperately want cures, and will very often grasp at straws provided for them by charlatans 
and con-artists. They also desperately want to understand why it happened to their kid. 

Ask me. 


And now....the rest of the story....[an update written in August 2010]. 

Twelve years have now gone by since Wakefield’s Lancet paper was published, and parents thought twice 
about vaccinating their kids. Here, somewhat disjointedly, is what has happened since I wrote the above... 

What I didn’t really talk about above was the fact that in addition to “MMR gives you autism”, Wakefield and 
his fellow jerks claimed to had discovered a new bowel pathology, which they dubbed “autistic enterocolitis”. 
In February 2010 the General Medical Council of Great Britain said this was “dishonest and unethical” but 
Wakefield continues to insist it exists, and is apparently using his Austin Texas hideout to try to find more 
victims...sorry, patients [see below]. 

In fact, Wakefield had published another paper in the Lancet in 1998, which was retracted after the GMC 
hearings [see below]. This was titled “Ileal-lymphoid-nodular hyperplasia, non-specific colitis, and pervasive 
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development disorder in children”, which neatly proved Wakefield’s theories. This paper got the chop, with 
no further comment, in the February 6'*^ 2010 edition of the Lancet. 


So what happened to this? One has to start by remembering that Wakefield was determined to discover 
just such a “disease”, so as to line his pockets via the ambulance chasing lawyers looking to sue the 
vaccine manufacturers. In an application for Legal Aid made [secretly] in June 1996 [i.e. before he had 
even seen the 12 kids he subsequently published about], he filed about an “enteritis/disintegrative disorder 
that was...part of a new syndrome....[with evidence] undeniably \n favor of a specific vaccine induced 

pathology..” [my italics].This isn’t putting the cart before the horse, it’s putting the cart before a horse 

that hasn’t even been born yet. 

He then got his kids into the RFH in early 1997 and performed ileocolonoscopies [ouch!!] on them [now 
judged by the GMC to be unethical]. The samples taken proved [by RFH pathologists with no vested 
interests of their own] to be completely “unexceptional”. The slides since then got lost [dog ate my 
homework]. Despite this, the data got cooked up to make it look like there were abnormalities. Certain 
other conclusions, the kids in reality all had constipation for example, led the British Society of 
Gastroenterology to trash all this [sadly, far too late] and state such observations should not be labeled as 
any form of “colitis”. Meanwhile, the other doctors involved in the published study started pointing fingers at 
each other [you said...no, you said....], especially when the GMC came a’callin’. Despite this, Wakefield 
persuaded a patient in his Austin clinic to sue that he got autistic colitis from vaccines. [The judge threw the 
case out]. 

It then turned out that at least two of the “Royal Free 12” kids had not tolerated Wakefield’s “tests” all that 
well after all. A 7-year old had to be rushed back to hospital after the RFH had screwed up a lumbar 
puncture test. Another kid, given a colonoscopy, had 12 separate punctures in his bowels. In 2007 the High 
Court awarded him $600,000 in compensation. 

In 1998 Wakefield had held a press conference pushing the MMR theory, but it subsequently became 
clear that even at that time the RFH labs were running RT-PCR tests that failed to find measles virus in the 
gut or in lumber puncture samples, in other words he just made the whole thing up. An interview with 
Wakefield’s own Research Assistant confirmed this; when asked if he had found evidence of the virus he 
replied that he had found none whatsoever. 

As noted above, Wakefield regularly tried to use the UK legal system to try to make people back off. This, 
Deer suggests, eventually sealed his fate. In one such action, he sued a laundry list of people for libel, 
including the Sunday Times, as well as one the main TV channels [Channel 4]. These people were not 
easily bullied, and within weeks his lawyers tried to freeze the action, asking for “protection from the Court”. 
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Each hearing to try to do this was lost, and so Wakefield had to “put up or shut up”. This allowed the 
defendents in court to continually pummel Wakefield over his misdeeds, by now widely reported, and in 
January 2007 he was served an order telling him to turn over all his own records, including the medical 
reports for the “RFH-twelve”. He rather quickly at this point lost his nerve, withdrew the case, and paid 
$750,000 in court costs [which of course he could afford by now]. His explanation? He needed to 
concentrate on his GMC hearing, and the libel cases were a minor distraction. 

On July 16*'^ 2007 the GMC opened its hearings. The GMC consists of three medical experts, and two lay 
people. There were 217 days of hearings, and 36 witnesses, [costing the British taxpayer possibly as much 
as $9MM]. One witness was Sir David King, the chief scientific adviser to the Government, who pointed out 
the results of subsequent epidemiological trials designed specifically to include if vaccination increased 
autism rates. One involved 450,000 children in Denmark who had been given MMR; the results showed no 
evidence of increased autism, and in fact autism was higher in children who had not been vaccinated. 

In May 2010 the GMC announced in a 143-page report that it had found evidence of severe professional 
conduct, that Wakefield had showed a “callous disregard” for the suffering of children, and had “abused his 
position of trust”. You’d think this would all be received thoughtfully, but no. In fact, when the 
announcement was made a vociferous group of parents [it’s not our genes it’s the vaccines] and other 
supporters howled down the panel chair [Surinder Kumar, the President of the British International Doctors 
Association]. One woman screamed “bullshit” calling the GMC a kangaroo court. Wakefield was 
unrepentant. He was “disappointed” and called the allegations “unfounded and unjust”. He also told his 
supporters club that he could reassure them that the “science will continue in ernest”. [I hope somebody 
told Ernest]. 

On May 25’*^ 2010 Dr Andrew Wakefield was found guilty of 30 charges, including four conts of dishonesty 
and 12 of causing children to be subjected to invasive procedures that were completely unnecessary, and 
“struck off” by the General Medical Council of Great Britain. This is the equivalent of a death sentence for a 
Doctor in the UK. By then there was a huge resurgence in measles cases in England, and several people 
had died. 

Was Wakefield completely to blame? I do not think so. First one must remember there were at least ten 
other authors on his crap papers, including two very senior people [particularly Horton] who defended 
“Andy” much longer than they should have. Secondly, when Wakefield first publicized his findings the 
media [both in the UK and the USA] were all over him, sensationalizing everything he said. Then of course 
were the advocacy groups, pushing hard for the “it’s the vaccines fault, not my genetics” explanation for 
autism. Fourthly, obviously, the utterly cynical, money driven, scum of the earth ambalance chasing 
lawyers, who saw an easy mark. 


251 



One might also note that Wakefield alone did not start the whole “don’t vaccinate your kids” debacle. In the 
mid-80’s a journalist, Lea Thompson, [not the actress but a person who is now astonishly a senior reporter 
at NBC in the USA] put out a “documentary” stating all sorts of nonsense. She has clamed subsequently 
that this influenced the government to change the rules for vaccnes. She may be right to an extent, but I’m 
sure she will therefore take responsibility also for all those babies gobbing up blood. 

More recently, I read a further article in the British journal the BMJ [the big rival to the Lancet who must 
have loved all this] written by Brian Deer. It turns out that Deer visited the Royal Free in February 2004 and 
presented his case that his investigations into Wakefield’s new syndrome connecting autism, bowel 
disease, and MMR vaccination were completed stitched up. Deer showed that a dodgy lawyer was 
involved, admissions criteria had been manipulated for the children, and ethical safegards trampled on. 
Deer told Horton and other senior people at the Royal Free that the whole thing was “rigged”. 

Royal Free’s response? Circle the wagons - within 48h they released a 5000-word document denying 
everything. They also said an internal investigation would be held, but years later Deer found out through a 
Freedom of Information suit that this never happened. 

The press jumped all over this, as did the BBC. For the first time, all the news about MMR was how the 
whole thing about the MMR vaccine was crooked, rather than “vaccines cause autism”. Even the Prime 
Minister [Blair] said “have the triple jab, because it is important to do it”. 

Deer also figured out that Wakefield had already asked the UK Legal Aid program for cash before he ever 
saw the dozen children. The application stated that “the objective is to seek evidence which will be 
acceptable in a court of law of the causative connection between [the MMR] vaccine and certain conditions 
which have been reported with considerable frequency by families of children who are seeking 
compensation”. 

Anybody see anything wrong with this picture? 

Even worse, the Royal Free boys were asked rather snarkily at the GMC hearing if it were customary for 
“an investigation of possible serious research misconduct to be carried out by those who have been 
accused of this misconduct”? In addition the GMC council asked if nobody saw anything a bit dodgy about 
twelve kids walking in randomly one after the other with autism-like symptoms, and parents pissed at the 
MMR which they considered the cause. [The answer is that the odds of this are a Catholic King of England 
and West Ham winning the Premier division]. 
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And wither Andy...? 


I also found out more about “Thoughtful House”, again using Deer’s brilliant websites. What Deer found out 
was that Wakefield was using Thoughtful House as a front to bring developmentally-disordered children 
from all over America, and possibly the world, to the Lone Star State's capital, for the purpose of 
undergoing endoscopy [to prove his theories, and of course make even more piles of cash]. One minor 
problem here is that Wakefield isn't a paediatrician. At the Royal Free, he held an academic research post, 
not permitting him to examine or treat patients [not of course that that stopped him]. But, although he 
appears now to have set up full-time in the US, it’s not known what terms have been established in the 
context of his relationship with Thoughtful House. The Texas Medical Board (formerly the Texas State 
Board of Medical Examiners) hasn't licensed him to practise, and his visa status was unclear to Deer. 

A UK organisation apparently claims Wakefield as its “full-time Chief Medical Scientist”, and another 
enterprise, in Florida, describes him as its “Director of Research”. But in early 2005, the Thoughtful House 
website set out what appeared to be the shape of his new flagship. The welcome page explained: 
“Thoughtful House is fighting to recover children with developmental disorders (autism, FDD, Asperger’s 
syndrome, ADD, ADHD, and NLD) through the unique combination of medical care, education, and 
research.” 

Thoughtful House involves a number of others, such as the aforementioned English "hate mail" 
campaigner Carol Stott, now dubbed “visiting Professor of Developmental Psychology” by Thoughtful 
House, despite her being censured by the British Psychological Society for professional misconduct. 

As Deer has pointed out, the Thoughtful House website states that “It belongs to the people of Austin and 
central Texas, but it is a ray of light to the world.” Of course, after the collapse of the UK’s MMR scare in 

2004, this ray of light has been watched with interest from Europe. In addition to those caught up in the 
GMC disciplinary proceedings, a number of former Wakefield collaborators appear now to stand at some 
distance. A recent Wakefield paper, based on tests carried out by a Dublin pathologist, were published in a 
fringe medical journal with the pathologist’s name removed. And another paper, in which Wakefield 
republishes apparent past Royal Free findings on children’s guts, included among its authors none of the 
clinicians involved in the work, but credited a lawyer’s medically-unqualified former researcher. 

For the Thoughtful House enterprise, Wakefield found new clinicians, including Dr Arthur Krigsman. 
Krigsman is a familiar face on a US-wide circuit of autism conferences, increasingly influenced by anti¬ 
vaccine campaigners and litigants, and although he’s published nothing on the subject in peer-reviewed 
medical journals, he has been a vocal supporter of Wakefield’s. At a Thoughtful House conference in April 

2005, he declared his gratitude to his apparent mentor, and pledged that he was "on board for the ride”. 
Perhaps he meant gravy train? At the time of Deer’s investigation writing Krigsman wasn't licensed to 


253 



practise medicine in Texas. In a 2007 court case Krigsman described himself as “director of gastrointestinal 
services” at TH, while giving all sorts of dodgy responses to questioning lawyers. The same year he 
published a paper in an equally dodgy journal entitled “Gastrointestinal Pathology in Autism: Description 
and Treatment” listing his address as TH. It seems that shortly afterwards that Krigsman had “dun a 
runner”, and that Wakefield had similarly gone to ground, but I recently found a blog saying Krigsman 
turned up at a meeting in Bulgaria in 2011, and subsequently on television there, where he was introduced 
as the "world-renowned gastroenterologist" from the USA. 

Krigsman, like Andy, pushed the vaccine/autism nonsense, and in 2009 this got as far as the U.S. Court of 
Federal Claims [the “Vaccine Court”]. They concluded that no credible evidence existed that MMR or 
thimerosal-containing vaccines could combine to to cause autism, and in 2010 concluded that thimerosal 
itself was not a causative factor. So there, Arthur. 


Jenny McCarthy’s dead baby Facebook page... 

Jenny is a part-carbon part-silicon life form who is a model, a Playboy boobie jiggler, and an actress [the 
term is used here very loosely]. She was the partner [married?...dunno... don’t care] of manic Hollywood 
[alleged] actor Jim Carrey, and has a son, Evan, who was diagnosed with autism. Using her celebrity 
status, Jenny claimed through an immensely silly book and then repeated claimed on TV [“Oprah”, “Larry 
King”, hardly the two most critical of our TV celebrities - Larry is now shamelessly pushing the scary 
Omega-3 supplement], that childhood vaccines were the cause of her kid’s autism. On Oprah she stated 
that she learned all this knowledge at the “University of Google”. [See more below] 

Such things go down well with dopey soccer moms who swallow such stuff rather than listen to 
pediatricians. In addition of course is a barrage on the Internet and TV infomercials full of “natural cures” 
and the like, pushing alternatives. This is often phrased by the “Big Pharm are out to get us” brigade 
[frauds such as Garry “HIV doesn’t cause AIDS” Null and Kevin “used car saleman” Trudeau] who no doubt 
have enthusiastically added young Jenny to their Xmas card lists. The more I watch the astonishingly bad 
“Dr Oz” the more I think it’s only a matter of time before he goes the same way [he’s now endorsing an 
utter charlatan called Mercola - here’s a typical statement from Mercola’s website... “What they don’t want 
you to know is that the drugs that they [BigPharma] spend $16 billion on every year to promote to 
physicians to prescribe to you, are responsible for prematurely killing hundreds of people every day in the 
US alone”. Thank you very very much Oprah for unleasing this utter Oz clown! 
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Not so I suspect the Moms of Marin County, near San Francisco. A couple of years ago this county, noted 
for its large population of highly affluent, healthy white people, suffered the worst outbreak of [Bordetella] 
pertussis [whooping cough] in living memory. Just like in the UK, where MMR vaccination rates dropped 
and then measles sky-rocketed, whooping cough in Marin had reached 1000 cases by the summer of 2010, 
with several babies dying [horribly]. In a macabre act, somebody set up a Facebook page to keep score. 

In Marin, parents are asked to vaccine their kids prior to kindergarten. However, nearly 15% do not do so, 
citing their fears that their kids will get autism, as noted expert Jenny keeps telling them. By filing a 
“personal belief exemption” they do not need to. And Jenny has lots of supporters as well, more than happy 
to push the false link between vaccines and autism based on very dodgy science [as above] and anecdotal 
“evidence”. In this rather venomous atmosphere, scientists are not just ignored, they are vilified. Because 
of the vast amount of dodgy rubbish on-line, “many parents see even the most respected vaccine experts 
views as simply just one more opinion...” and vaccinologists as merely “willing conspirators cashing in on 
vaccine fraud....pawns of a shadowy pharma industry....willing to let children become maimed or killed by 
vaccines...”. Because of all this, despite no evidence vaccines cause autism, one in four Americans think 
they do. 

But, since she is the expert, let’s ask Jenny herself....[TIME interview]. 

“They’ve taken the mercury out, but autism is rising, not falling...?” 

Jenny.’’they contain aluminum and other toxins as well.. .plus the viruses in them cause autism as 

well...”. 

“But diseases come back if vaccination is stopped...polio in the Amish, in Nigeria, for example...?” 

Jenny....”lt’s the fucking fault of the [vaccine companies] that the diseases are coming back. They’re 
making a product that’s shit...” 

“But vaccines have eliminated some diseases worldwide....” 

Jenny...”we are not...antivaccines...we want to reduce the schedule...and reduce the toxins...If you ask 
the parent if she wants her kid to have measles or autism.. .we’ll stand in line for the fucking measles...” 

Well, there you have it. End of story.... 
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Except, well, no...er... 


In August 2010 Jenny announced that Evan did not have autism after all, but a disorder called Landau- 
Kleffner syndrome, a rare neurological disorder. Now treated, Evan’s “autism-like” symptoms have faded. 

All those Moms in Marin whose babies are having a little bit of difficulty getting oxygen into their lungs are 
undoubtedly delighted for Jenny and Jimmy. 


In July 2013 the popular daytime show The View, hosted by Barbara Wa Wa Walters, announced that 
Jenny would be joining the cast. For what purpose is unclear, other than to give us the benefits of their 
massive combined intellect. This rarely happens, and of course this is exactly why Bertrand Russell and 
Alfred North Whitehead had worked together as a team on Phncipia Mathematica. Some mental 
challenges are too complex for a single mind. 


Onward and upward, we learn from our mistakes, etc, etc.... 

In April 2013, Gareth Williams, 25 years old. a father of a young child living in south Wales, died from 
measles. 

WTF? In the 21st century? 

The city where he lived, Swansea, was not some backwater untouched by modern medicine, but the 
second biggest in Wales, and home of a top soccer team [okay, I know you don’t care...] 

He was not alone catching this ancient disease. The new cases in Swansea in the last week of April 2013 
were 942 cases alone - a rise of 15 per cent in just one week. Most of this occurred in kids between 10 to 
18 years of age, and the local health officials said that this outbreak shows “no sign of ending’. 

In response, health officials in England embarked on a national campaign, urging more than one million 
families to immunize their children against measles, in order to prevent a national emergency. This caused 
family Doctors to embark on a “catch-up” campaign to prevent the spread of the disease, now at its highest 
level for almost two decades across England and Wales. 
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Huh? Why would measles, so easily prevented by vaccination, cause such damage? 


Er.anybody... er.? 

Thank you Andrew, yet again. 

What the Brits were dealing with are outbreaks in several parts of the country among older children and 
teenagers, many of whom missed vaccinations when they were toddlers in the wake of the MMR scare. 

The data showed that outbreaks are disproportionately affecting older children, with latest figures for 
England showing the greatest number of cases are among those aged between 10 and 14. The reason for 
this, fairly obviously, is because school kids are more likely to spread infections more quickly than infants, 
because they come into contact with larger populations, and because they are also more likely to suffer 
serious complications from the disease [in Gareth’s case, coming over all dead]. 

Let’s ask Dr Mary Ramsay, head of immunization at Public Health England (PHE): she said: “We have 
been seeing - which is new for us - outbreaks in school age populations. We have this legacy of older 
children who were not vaccinated as toddlers and these young people are now secondary school age. So 
they are now at the position where they can spread infection very effectively.” She went on to state the 
obvious, that one in five people suffer complications such as infections, pneumonia and meningitis and in 
rare cases, it can cause blindness, deafness, brain damage and death. Sorry Gareth. 

Meanwhile, over the Severn River in much more sophisticated England, there were only 587 confirmed 
cases in 2013 and only a trivial 108 cases in which children were hospitalized, and only some of these 
suffering complications such as pneumonia and meningitis. In the north of England there were 220 cases. 
The highest number of total cases was in the North West and North East, which between them had 353 
cases. However, although cases were low, officials said “they are most worried about the situation in 
London and the South East, where low levels of immunisation among young children in the past, combined 
with dense populations mean that future outbreaks would be likely to spread more quickly”. Yippee. 

Figures show that as recently as 2006, almost half of five-year-olds in the capital were not vaccinated, a 
legacy of Andy terrifying everybody. Officials said they are also concerned about the south-East in general, 
where around 30 per cent of five-year-olds had not received both vaccinations in 2006. 

Here’s where it gets weird. When the epidemic in Swansea got to be awful, a supposedly sensible Brit 
newspaper, the “Independent” [a big broadsheet, Murdoch-free and therefore not soaked in photos of 
ladies’ boobies] did some astonishing. They published an article by the wonderful Andy, in which he argued 
this simply vindicated him, he should get his medical license back, and people should avoid vaccines. 

How on earth, you might ask, could he make such an argument? 
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Ingenuously, Andy blamed the Government for their refusal to give single jabs instead of the MMR triple jab 
The obvious response is that it would have immediately been seen as an admission that the MMR jab was 
dangerous, when it isn’t. Andy’s balls must be massive, since what actually caused the drop in vaccination 
uptake which led to Swansea was the autism scare, started and repeatedly stoked by Wakefield. 

First seek the wisdom of God. 

Another person who believes vaccination causes autism is Pastor Terri Pearsons. She is the oldest 
daughter of evangelical preacher Kenneth Copeland, who runs one of those highly lucrative 
“megachurches” in the great enlightened state of Texas. So guess what God did? 

In the summer of 2013 a measles epidemic rapidly spread amongst the churchgoers, with 21 cases at the 
time of writing. It arrived via a visitor who’d traveled to Indonesia who then spread it to the largely 
unvaccinated church community, according to the Texas state epidemiologist. The infections spread to the 
congregation, the staff and a day care center at the Eagle Mountain church. Pearsons and her flock 
advocates faith-healing and advises people to “first seek the Wisdom of God” before seeking secular 
medical attention. At the time of writing God had shown up and told these idiots to get vaccinated. 


Magic Kingdom Measies. 

An illustration of just how incredibly infectious measles can be was demonstrated in December 2014 when 
people who had just visited Disneyland [the LA version] came down with the disease, which soon extended 
to 160 cases over 18 different States as mouse ear wearing kids went back home. Most of these kids were 
never vaccinated, and when a State politician proposed a Bill in Kalifurnya requiring vaccination for kids 
attending public schools the denialist hate-mongers went bananas. 


Jenny really does care about our children’s health.... 

She really does. Let’s stop them dying from the side effects of vaccines and let them live enough so they 
can then be told by parents like Jenny to avoid alcohol and smoking. 

Jenny is now the spokesperson for “E-cigarettes” -another disaster in the making. 

Thanks Jenny.... 
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.... 23 . 9 .... 

The reality is, we as scientists have failed. Some of us have seen the impact of infectious diseases 
firsthand, and we know vaccines, while not a magical panacea, have had massive impacts on the 
incidence of many otherwise fatal serious pathogens. So why, in the 21®* frigging century no less, are there 
still skeptical parents out there who do not believe us? 

We are not actually doing that badly. A year ago we had about 92% coverage of the big ones, DPaT and 
MMR, but since these diseases are popping up again all over the place it tells us that 92% is not sufficient 
for herd immunity. We know most of the reasons, particularly those who push misinformation, and we know 
the outcomes, which are not pretty -especially if it’s your kid on the breathing machine. We also know that 
it takes just a few cases, measles as an example, brought into a community by an unvaccinated individual, 
to rapidly explode into a full blown epidemic. 

A 2014 report in Pediatrics showed that the more we try to communicate our views, including trying to 
correct the morass of false claims about vaccines, it can actually be counter-productive - these guys just 
scream even louder. Another report suggested that we need research into just how such zany attitudes and 
perceptions about vaccines get formed, what is the best way to reach and persuade hesitant parents, and 
how to identify communities at the highest risk [this includes Marin County, full of rich people who should 
know better]. 

Myself, I’m just a simple chap. I’d just show them a video of a baby dying of whooping cough. 


If you are reading these Notes you are a path e t i c masoch i st serious student of Immunology, a field whose 
roots, and promise for that matter, lie in vaccines. And there is no doubt that vaccination has had an 
astonishing effect on public health around the world. 

But if you go to the Internet, where a vast number of us go for information, you will run into a torrent of 
webpages, such as the wonderfully named “National Vaccine Information Center” and lots of “Autism 
wasn’t our fault it was the VACCINE” [like the splendidly awful “Age of Autism”]’ as well as from sites like Dr 
Oz’s big pal Mercola, that tell you that soon after your young child is given a vaccine he/she will start to 
steadily and uncontrollably cry, run a temperature, vomit a lot, and lose the ability to speak. Then, the arm 
into which the vaccine was injected will turn red, become necrotic, and fall off. The canine teeth will 
become unusually long, and the child will shun the sunlight, and eat the dog. When you attempt to comfort, 
the child’s head will spin around 360-degrees several times and they will float 3-4 feet above the bed. 
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If only this were true - in fact things are far worse. The ridiculous McCarthy runs a Twitter feed which has 
nearly half a million wank e rs followers, some whom even ask her advice about vaccines. [That’s like asking 
Kim Kardashian about particle physics and the influence of M theory]. Even worse, anti-vaccination 
advocates have gone on the offensive, in the most nasty ways. Science is massively misrepresented. 
Anybody who calmly tries to explain why vaccines work is shouted down, and called a “shill”, and if you’ve 
even worked on anything even remotely associated with BigPharma then obviously you are totally in their 
pockets [of course after dripping your blood on the alter at the satanic virgin sacrifice ritual anybody giving 
their soul to BigPharm always requires]. 

Worse, in the recent events in California, people were stalked and threatened. In 2009 the lovely Age of 
Autism people posted a photoshopped photo of several pro-vaccine advocates [the vastly eminent 
scientists Offit, Tsouderos, Wallace] eating a dead baby killed by vaccination. Pearson would be proud. 

If these notes ever see the light of day and I get targeted, I can deal with it. In fact, I haven’t bitten 
anybody’s throat out and devoured their intestines since I stopped playing rugby. 

If anybody has read my “Disease and Society” lectures [and still awake] anti-vacc people go right back to 
Jenner, with his rival Pearson saying that cowpox vaccination would turn you into a cow [no mother-in-law 
jokes here please]. Last century, lawsuits [particularly against DPT manufacturers] forced many of them out 
of business [don’t cry, they went into blood pressure, diabetes, and penile raising drugs - very lucrative 
areas instead]. 

The lovely, if slightly enhanced McCarthy, founded “Generation Rescue” which was run by a fellow believer, 
Handley. When Wakefield got nailed to the wall for what was probably the most utterly disgusting scientific 
fraud ever perpetuated in the last three hundred years, and which has caused so many unneccesary 
deaths from a disease so easily prevented in April 2011 Handley said “To our community, Andrew 
Wakefild is Nelson Mendela and Jesus Christ rolled up in one. He’s a symbol of how all of us feel”. 

Er... no, Ian, don’t even touch that one. 

Going around in a full circle, the University of Sydney did a meta-analysis in autism and vaccination, 
published in 2014. The authors looked at data from well over one million children. No association was 
found between vaccination and autism, nor between autism and MMR, or thiomersal and austism. The 
authors were careful in addition to include autism and “austisic spectrum” which includes higher functioning 
austism such as world famous people, including the utterly fantastic Temple Grandin. 
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24. LOTS MORE ABOUT JENNER. [Those of you with zero interest in history shouid skip this bit]. 


In today’s vernacular, Lady Mary Wortly Montagu was a total babe. The foremost portrait painter of the 18**^ 
century, Sir Godfrey Kneller, begged to paint her, and his canvas succeeded in capturing her obvious 
beauty. The great poet, Alexander Pope, gushed over her [although they later fell out, apparently 
acrimoniously]. 

She was born of noble blood [her father was the Duke of Kingston], she was a babe, and she was very 
very intelligent. Unfortunately, her Dad was not too happy with her attachment to Lord Montagu, and rumor 
has it that they eloped. Dad oiled his gun, but the King defused the situation by putting them safety out of 
harm’s way, dispatching Montagu to Constantinople [now Istanbul] as British Ambassador. 

Sunny,...exotic, the gateway between the West and the Silk Road to the Far East, but with one 
distraction....bags and bags of smallpox. Her brother died of this, and in 1717 Mary also fell victim to this 
dread disease. She survived, but now the centerfold was irrevocably disfigured [you’ll remember from 
above that skin lesions.... pokkes...are a major outcome]. 

The same year she gave birth to a son, her first child. She had a British physician. Dr. Charles Maitland, 
and to help in the delivery he called in a local friend. Dr. Timoni. Timoni observed Mary’s scarred face and 
asked her if she wished to have her son scarified against smallpox. Mary had never heard of such a thing, 
and so he explained that there were ancient remedies against smallpox regularly used in the Far East. 

Both the Indians and Chinese had for centuries taken skin lesions from people with mild attacks of 
smallpox, and dried and ground them. The dust was then snorted up a nostril [men up the left nostril, 
women the right]. The person then often as not got a mild infection, but usually was completely protected 
against virulent outbreaks. A variation on this theme had been developed by the Arabs, who rubbed 
material from a smallpox blister directly into a shallow incision in the skin. In fact, Timoni had not only 
observed this himself, but he wrote a short book on the topic, had it translated into English, and even tried 
to get it circulated in England. It was completely ignored as the ravings of some Johnny Foreigner. 

Mary allowed Timoni to immunize her son, and when she later returned to England Maitland repeated the 
procedure, now called variolation [from the Latin for smallpox], on her new daughter. Exerting her star 
power, she invited three members of the Royal College of Physicians to examine her daughter, and 
received the support of the president, Sir Hans Sloan. In addition, she invited the newspapers to see a 
variolation procedure, ensuring widespread publicity. After this, she approached Caroline, Princess of 
Wales, to suggest she immunize her two daughters. As described above, the “Royal Experiment” 
convinced the royal family to allow it. 
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Unfortunately, only a small number of the population were variolated. For reasons unknown, doctors 
insisted that patients be purged, bled, and given a low calorie diet prior to variolation. About 12% of the 800 
or so patients died as a result of this barbaric ritual [sounds bad, but your chance of dying from smallpox 
was 40%]. 

Not long after there is evidence variolation appeared in the US. A Boston physician, Benjamin Waterhouse 
wrote to the local newspaper that he had read about a “British smallpox” pamphlet on the topic. 
Independently, Cotton Mather, a very influential Puritan Minister and “moralist” [and advocate of the Salem 
Witch Trials, ....as we all know, Satan lives in the USA] learned about this procedure from his slave who 
had seen it used in Africa. Mather had observed the effects of a previous smallpox outbreak in Boston and 
in 1721 he persuaded a local doctor, Zabdiel Boylston, to vaccinate 247 locals, only 2% of whom then died 
from smallpox [compared to 14% of the rest]. In 1775 variolation was provided to George Washington’s 
Continental Army; it was initially forbidden, but the Army Generals had a change of heart when they started 
losing more men to the smallpox than to British bullets. Otherwise you’d have a English Queen. [Actually, 
she’s German...]. 


The use of cowpox as a “vaccine” for smallpox is attributed to Jenner, but this is not actually true [see 
below]. In fact, in 1774 a Dorset farmer, 

Benjamin Jesty, found a cow with cowpox and 
“variolated” his wife and daughters to protect 
them from a smallpox epidemic then currently 
ongoing. He never told anyone at first, but the 
story came out and he was honored by the 
Vaccine Institute in 1805. 


Edward Jenner was born in the village of 
Chipping Sodbury near Bristol in England on 
May 17’^ 1749, the eighth of nine children. By 
the age of five, he was an orphan. Three of his 
older sisters took care of him well however, and 
he excelled as a young musician. At eight he 
was sent to a boarding school, and this 
coincided with a terrible smallpox epidemic. As a 
result, all children attending the school were 
required to be variolated. Because of the stupid 
purging/bleeding protocol he fell seriously ill, and he was withdrawn from the school by his siblings. 
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Perhaps as a result of this harrowing experience Edward began to become interested in medicine. 

Because he had not studied Latin or Greek he failed to qualify for the top medical schools [Oxford or 
Edinburgh], but he could qualify to become a surgeon. At the time there was a very snobby distinction 
between physicians and surgeons, the first profession a matter of academic learning, whereas surgeons 
merely underwent an apprenticeship [like carpenters do]. Only physicians were allowed to be called 
“Doctor”. 

At the age of 13, Edward was apprenticed to a distinguished country surgeon, John Ludlow, in Chipping 
Sodbury. It was during this time, in 1768, that he first heard the story that milkmaids who caught cowpox on 
their hands never caught smallpox. 

But he had little time to consider this further, moving to London to train further at Saint George’s Hospital 
under the tutorage of John Hunter, soon to become the foremost surgeon in England. They were to 
become firm friends despite their distinct differences in personality. Jenner was polite, quite, kind and 
considerate; Hunter was a rough Scotsman, arrogant and domineering. 

It was a very successful time for Jenner, but he longed to return to his country home, despite several 
tempting job offers. By this time he had inherited large tracts of land, and it was acreage by which wealth 
was measured. He established a flourishing medical practice, while finding time for his other passions, art, 
chemistry, and above all music. After hearing about the hot air balloon developed by the French, he himself 
constructed one, and flew it successfully. While preparing for his second hot air balloon flight, he met 
Catherine Kingscote, who he married in March 1788. He was 38, Catherine was 11 years younger. 

A further hobby was ornithology, and it was to make him famous. He carefully observed the habits of the 
cuckoo, which lays its egg in the nest of other birds. The egg hatches quickly, and the young cuckoo, even 
while still blind, pushes the other eggs out of the nest. His paper on these observations resulted in his 
subsequent election into the Royal Society. 

His research interests continued, and he made seminal observations on the condition known as angina 
pectoris. He autopsied several people who had died of the condition, and noticed that their main arteries 
were heavily calcified. He realized that his good friend Hunter had the symptoms of angina, and so he 
withheld his observations until Hunter had died, wishing not to upset him. 

It was close to Christmas in 1789 when his interest in cowpox resurfaced, although in this case it was 
because of a similar infection, called swinepox. A nurse looking after his son had contracted it, and so he 
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variolated his son, and two local women with the swinepox blister. He then revariolated all three with 
smallpox, and none developed any symptoms at all. 

Jenner presented this data in a paper, but it drew no reaction. It was not until 1795, when he was 
recovering from typhoid, that he designed in his mind his great experiment. He selected an 8-year old boy, 
James Phipps, whose father was a laborer on his estate [and could be bought off if things went wrong]. 

The donor of the cowpox, Sarah Nelmes, was a farm milkmaid who had caught the infection from her 
favorite cow, Blossom. The fluid from her blisters were introduced into two incisions on Phipp’s arm. 

Two months later, Jenner variolated the boy with smallpox, and he failed to develop any symptoms of 
disease. Jenner presented a paper on the experience to the Royal Society, but his manuscript was rejected 
on the grounds that only one individual was involved, and more cases were needed. Jenner was willing to 
do this, but no new cases of cowpox appeared for over two years. He decided instead to publish the 
manuscript privately, and some friends helped pay for the printing. The paper explained that the method 
was safe and harmless [cowpox causes very mild symptoms, whereas scarification or variolation induced 
smallpox, however mild]. 

The manuscript was well received by the lay public, but less so by his peers in the Royal Society. In 1800 
Jane Austen wrote of a dinner party she attended where Jenner’s paper was read aloud. He was presented 
to the King, who asked that future volumes acknowledge his royal approval. 

But not all was smooth sailing. A physician by the name of Dr. Pearson founded an institute for the 
“Vaccine-Pock” trying to capitalize on the discovery. Another, Woodville, questioned the safety of the 
cowpox. A Dr. Moseley went even further, suggesting that exposure to cowpox could induce “cowmania”, 
and cited another physician, Rowley, who had published that a girl given the cowpox had developed an ox¬ 
like face, and the mange [a skin disease seen in wooly animals]. All this exasperated Jenner. 

Consumed with these and other problems, Jenner neglected his own practice, and suddenly realized that 
he was broke. Worse, his wife had contracted TB, and was growing ill. His friends rallied around, 
submitting a petition to the Government for an award of 10,000 pounds for his discovery of vaccination. It 
was approved, although Pearson tried hard to block it. News of his financial difficulties spread around the 
world. Rich sultans from India sent him several thousand pounds, and the British Parliament gave him a 
further 20,000. His debts resolved, he no longer had to fear Debtor’s prison. 

In 1810 his beloved son died of TB. His wife remained alive, but had developed arthritis in addition to TB. 
He became more and more depressed, resorting to brandy and opium. On the bright side the Royal 
College formally stated that it recommended vaccination, rather than variolation, and the University of 
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Oxford, its doors closed to him years before, gave him an honorary degree. His son, Robert, entered 
Oxford 5 years later. 

Later that year his wife died. Again he had bouts of depression, but he overcame this and regained his 
interests in science. He studied archaeology, and excavated some Roman ruins. At the age of 71, he wrote 
a paper on the migration of birds that still today is regarded as a masterpiece. 

In August 1820 Jenner had a mild stroke. He recovered, but on January 26, 1823, he had another seizure 
from which he died. The funeral was small, with just family and a few locals. The latter included a fine, 
strong man. James Phipps. 


.. ..but surely you jest . 

There is a very pleasant little pair of villages on the south coast of England, south-west of Bournemouth 
and due east of Weymouth on the Isle of Purbeck, called Wool and Worth Matravers. There is a nice 
teashop serving “cream teas” which instantly double your cholesterol, and a decent pub [“the Square and 
Compass”]. The local churchyard of Saint Nicholas has a grave in which Benjamin and Elizabeth Jesty lie. 

The gravestone records that Benjamin died on April 16'*^ 1816, at the age of 79. It also states... 

He was born at Yetminster in this County, and was an upright honest Man: particularly noted for having 
been the first Person (known) that introduced the Cowpox by Inoculation, and who from his great strength 
of mind made the Experiment from (the Cow) on his wife and two Sons in the Year 1774. 

Uh-oh...do we see a patent lawsuit here? Jesty was a Dorset dairy farmer who was well aware of the 
cowpox folklore, and his two milkmaids, Elizabeth Notley and Mary Reade, had both been exposed to 
cowpox; this had protected them when they had cared for relatives who had caught smallpox. When 
another smallpox outbreak occurred in 1774 Jesty collected some cowpox from his cows and inoculated 
his wife and two sons. [This was 22 years before Jenner tried this]. 

The lesion on his wife’s arm swelled up and he felt obliged to call a Doctor. The word quickly got around 
the region and many people, especially the local Doctors and Clergy, deeply critizied him. However, in 
1789, Jesty allowed his two boys to be directly variolated with live smallpox; neither caught the disease and 
both lived long lives despite additional smallpox outbreaks. 
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In fact, anecdotal accounts of the protective effects of cowpox can be traced back to the beginnings of the 
1700’s; Jenner, much later, was the first to write a “paper” on the issue. Whether Jenner had any direct 
knowledge of Jesty and his children is unclear, certainly no direct line of evidence suggests this. Bottom 
line, Jesty should be credited for thinking of this first, and Jenner for bringing the technique to the world. 
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25. HYPERSENSITIVITY. 


At a reasonable estimate, about one in seven people are allergic to one thing or another. A common 
example is "hay fever", in which people react violently to pollens, grasses, etc. Another common cause is 
the "house dust mite", a tiny creature that can be found on human skin, the feces of which are highly 
allergenic. A more obscure form occurs amongst macho immunologists, who refuse to wear a mask and 
gloves when handling thousands of small furry rodents, and end up allergic to mouse dander. [Me] 

As we are aware, allergic reactions can be explosive at best, fatal at worst. From the immunological point 
of view, such reactions are categorized with a number of other types of responses as hypersensitivity 
reactions. These reactions are collectively regarded as immunological responses that, as a result of an 
innappropriate or over-zealous nature, are damaging to the host. (Note: you might argue that Autoimmunity 
meets these criteria, but clinicians like to consider this field separately.) 

The commonest form of such reactions is the allergic reaction, or Type I hypersensitivity. The basis of this 
reaction is the degranulation of mast cells following cross-linking of membrane-bound antibody that is 
usually, but not exclusively, of the IgE type. 

The Type I reaction is regarded as being the result of an inappropriate antibody response, in that large 
amounts of IgE are generated against the offending antigen (or "allergen"), following their introduction via 
the respiratory or gastrointestinal routes. Why this should occur is not known, although one suggestion is 
that selective IgA deficiency occurs shortly after birth, preventing the exclusion of allergens and thus 
allowing sensitization of IgE-producing B cells. Why IgE ? Again unknown, although it has been suggested 
that IgE acts as a defense mechanism in the gut, by employing the violent allergic reaction to dislodge 
parasitic infections from attachment within the gut lumen, and to attract eosinophils to the area to attack the 
parasite. Whatever the reason, the concentration of IgE in the serum usually rises in such individuals. It 
doesn't get that high however (maybe 1 ug/ml), because IgE is homocytotrophic. What this means is that 
the IgE molecule becomes attached to cell surfaces that express an Fc receptor specific for the epsilon 
heavy chain. 

Whatever the reason, the concentration of IgE in the serum usually rises in such individuals. It doesn't get 
that high however (maybe 1 ug/ml), because IgE is homocytotrophic. What this means is that the IgE 
molecule becomes attached to cell surfaces that express an Fc receptor specific for the epsilon heavy 
chain. 
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A number of cell types possess such 
receptors, but by far the most important is the 
mast cell, which is widely distributed 
throughout connective tissues, particularly in 
the thorax, and in mucosal tissues. Electron 
micrographs reveal the close similarity to 
basophils (from which mast cells probably are 
derived), in that the cells are chock full of 
large circular granules that can be released 
from the cell (exocytosis or degranulation) at 
the slightest provocation. 

Degranulation is believed to occur when two 
IgE molecules, anchored close together by Fc 
receptors on the mast cell surface, both bind 
to epitopes on the surface of a passing 
specific allergen molecule (i.e., the antibodies 
become "cross-linked"). A number of 
biochemical events then rapidly ensue, 
including a change in membrane viscosity, 
the opening of calcium channels, and 
activation of various enzyme systems within 
the cell. The granules begin to fuse with each 
other, and with the cell membrane, resulting 
in channel formation and the release of the 
mediators from within the granules to outside 
the cell. 





The mediators released are a merry band. The principal material is histamine, which causes rapid 
vasodilation and bronchoconstriction. Thus, not to put too fine a point on it, you go red, and choke. 
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other factors are 5-hydroxytryptamine (serotonin), which has similar activity to that of histamine; heparin, 
an anticoagulant; various enzymes such as tryptase; neutral proteases, acid hydrolases, cathepsin G, and 
various factors that are chemotactic for eosinophils and neutrophils. Having released this bag of goodies, 
the mast cell then newly synthesizes some further surprises, such as the leukotrienes and thromboxanes 
(derivatives of arachidonic acid), which further worsten the state of vasodilation and bronchoconstriction*. 

[*This term is derived from the severe tightening of the airways that used to occur in Denver football fans a 
few minutes into Superbowls, at least that is until January 1998.] 

Another name for Type 1 hypersensitivity is immediate hypersensitivity, because the reaction happens so 
quickly after exposure to allergen. When the doctor asks you if you are allergic to penicillin he's not kidding; 
the allergic reaction to drugs is often violent, and can be fatal. 

The physiological effects of histamine and the other vasoactive amines can be reversed by epinephrine 
(adrenaline). In addition, sensitivity to a given allergen can sometimes be reversed by the process of 
hyposensitization, in which small amounts of allergen are injected into the patient over a period of time. 

The idea of this latter treatment is to generate an IgG response to the allergen, thus increasing the 
likelihood of the allergen being bound and cleared by circulating IgG before it reaches the IgE on the mast 
cell. 

There are three main categories of Type I, depending on the severity of symptoms, whether you drop dead 
immediately, etc. The worst form, discussed just above is the anaphylactic reaction which can be fatal 
within minutes. The second is hay fever or rhinitis to give it its proper name, caused by chronic release of 
histamine, enough for you to never venture out of doors in the pollen season, but not usually fatal. 

The third type is asthma, which is a persistent, chronic disease of the airways. This is more complicated to 
explain, but the basis is intermittent airway obstruction. It can be similar in appearance to anaphylaxis, a bit 
slower maybe, but you can still end up dead. Also, not just allergens can trigger it; asthma attacks can be 
induced by innocuous factors such as sudden exposure to cold air, even exercise. Mast cells are involved, 
but also other cells including monocytes, TH2 CD4 cells, and eosinophils. Influx of this latter population can 
be considerable, and are often seen as a major histological feature in people who have died after an 
asthmatic attack. Much of this may be driven by TH2 CD4 T cells; even in relatively mild asthmatic attacks 
the airway can be damaged and can contain a mixture of eosinophils and activated lymphocytes [most of 
which secrete IL-4 and IL-5]. Neutrophils are also present, presumably drawn in by the local tissue damage, 
and they worsen matters further by secreting elastases that simulate hypersecretion of mucous by the 
airway cells. 
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There is a big spectrum of potential allergens. A lot of them are small, water soluble glycoproteins [able to 
penetrate mucus]. Airborne allergens include pollens from flowers, grasses, or trees; dust mite feces [their 
producers thrive in warm carpeted human dwellings]; and animal danders [dogs, cats, mice in my case]. 
Food allergens are found in nuts [why you never get peanuts on airplanes anymore], parsley, seafood, milk, 
eggs, and cereal. Certain venoms are allergenic, such as bees, yellow jackets, and spiders. Drugs can be 
as well, such as penicillin and sulfur [they work by haptenizing self molecules]. 

As you might imagine, trying to make a drug against the allergic reaction is a big deal given the size of the 
market. Glucocorticoids such as fluticasone and mometasone are used to dampen airway inflammation. 
“Membrane stabilizing” drugs were the big rage, especially in the 1970’s when they were first discovered. 
These include cromlyn sodium and nedocromil sodium, and ketotifen. The story I heard was that they 
initially were designed because they were the correct size to cross-link two IgE molecules but not induce 
degranulation. Turns out that they don’t do this at all, but somehow stabilize the membrane [interfere with 
those rafts we talked about?]. Other approaches include going after the IgE itself [anti-lgE] or the cytokines 
that make it [IL-4, IL-5], or preventing prostaglandin production [rolipram]. Signal inhibitors have been 
developed to block tyrosine kinases [genistein] and MAP kinases [trifusal, helenalin]. The most effective 
treatments to date however simply target the main culprit, histamine. These include the potent H-1 
antagonist desloratadine [Claritin]. 

Immunotherapy for allergy, mentioned above, goes back further than you think, to 1911. The modern day 
version is specific immunotherapy or SIT, in which you give repeated injections in the skin of small 
quantities of allergen. The idea is to induce an IgG response than overwhelms the existing IgE response. 

It’s a bit risky, obviously, but it reduces the risk of anaphylaxis and the frequency of rhinitis. It is less 
effective against asthma. 


Digging in the dirt. 

America is a very clean place. Clean your teeth after every meal. Wash your hands. Rinse the fruit. Wipe 
all surfaces with Lysol. Kill those nasty bugs. Kill them. Kill Them. Kill them. 

America is also the world leader in asthma/allergies. Over the last decade or so a debate has emerged as 
to whether these two things are related...the “hygiene hypothesis”. Simply put, the increase in allergies in 
the Western world reflects an increase in hygiene, so that children avoid all those nasty things in dirt and 
sensitize IgE instead. There are some compeeling evidence for this idea, but I suspect it will eventually turn 
out to be more complicated. 
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Over 130 million people are asthmatic, but at the same time there is a very much lower incidence in 
developing countries. Whether you live in the cities or out in the farmlands also seems to make a difference, 
allergy being much lower in the latter. Even in the countryside, there is less allergy in kids living in farms 
with cattle or poultry, than their peers up the street in the fancy pied-a-terre. You are less likely to develop 
allergy if you come from a large family, or if you attend “day-care”, the human version of the feedlot. 

It has been proposed that the increased prevalence of allergies in western countries depends on the 
altered balance between TH1 and TH2 responses, due to the reduction in the rate and severity of microbial 
stimulation during childhood. The bottom line here, in current immunological terms, is the idea that if you 
roll in the dirt as a young lad, and get exposed to lots of common infections, then this exposure tends to 
push your CD4 response towards a polarized TH1 preference as a result of your continued need to 
produce all those TH1 cytokines. On the contrary, those raised in sterile splendor fail to do this, allowing 
more of a TH2 bias. This favors making IgE responses to all sorts of “allergens”, and the development of 
allergy. 

This is an intriguing idea, but is it correct? Parasitic infections, particularly helminths, induce a ferocious 
TH2 response but this does not increase allergy; in fact, the reverse seems to be the outcome. An 
alternative idea is that such infections tend to be chronic and induce lots of IL-10, which may depress the 
TH1 response. 

Other evidence....a 2004 study of children receiving antibiotic therapy when very young [for Strep B as an 

example] showed they were twice as likely to develop asthma, supporting the hypothesis.but 

then.mice already rendered highly allergic were infected with influenza, which tends to induce a strong 

TH1 response. The flu enhanced the symptoms of asthma, rather than inhibit it... 


[2010]...a bit more about asthma. 

Asthma is a complex chronic inflammatory pathobiologica disorder characterized by airway obstruction 
which can be fatal. There are about 22MM people with asthma in the US, maybe 300MM worldwide. These 
days, about one in seven kids have some form of asthma, arising from the sensitization of IgE responses to 
allergens and such, and in 10% of these this can be severe. Many of these kids can actually “grow out” of 
asthma, but it can return at a later age. The current model is that environmental triggers [viruses, allergens 
like dust mite, pollutants, tobacco smoke] damage the bronchial epithelium generating remodeling of the 
adjacent mesenchymal tissue [“epithelial-mesenchymal trophic unit”]. This results in subepithelial fibrosis, 
increased smooth muscle mass, neovascularization, which leads in turn to airway narrowing, airway edema, 
and hypersecretion of mucus. The damaged epithelium also releases a factor [a cytokine, TSLP] which we 
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now know seems to be key in polarizing immunity to the TH2 type [a consequence of which is the 
accumulation of neutrophils, mast cells, and particularly eosinophils into the lungs]. 

Microbes, particularly viruses, mycoplasma, and Chlamydia, have been implicated in triggering asthma, 
and it is thought that viruses in particular [rhinoviruses, RSV] establish predilication very early in childhood 
[causing “persistent wheezing”]. There are genetic predisposition factors as well, and about a dozen genes 
have been implicated in susceptibility. 

Treatment of asthma involves corticosteroids, bronchodilators, and cysteinyl leukotriene receptor inhibitors 
[such as montelukast]. A separate approach is to use mAbs: omalizumab targets IgE, and mepolizumab 
targets IL-5, blocking the eosinophil response. 


Type II Hypersensitivity refers to tissue damage mediated by antibody and complement proteins. The most 
important example of this is Hemolytic Disease of the Newborn (Erythroblastosis fetalis), as a result of 
Rhesus incompatability. Rhesus is a little furry monkey, but surely you knew that. However, it is also the 
name of a blood group antigen in humans; and please don't call me Shirley. 

The Rhesus antigen, also called blood group antigen D, is recognized by people who do not possess it as 
worthy of making a substantial antibody response against. Now this is not a major problem, because about 
85% of people are Rhesus-positive; but it is a problem when a Rhesus-positive daddy and a Rhesus¬ 
negative mommy decide to make babies. 

But even this is not a problem; at least, at first. When the firstborn departs the amniotic fishtank, the 
placenta breaks and spills some of the newborn's blood into mommy. 

Mommy's immune system sees the Rhesus marker on the baby blood cells as antigenic, and produces 
antibody against it*. However, baby is not perturbed, having already departed. Mommy and daddy decide 
on a sequel, and a second Rhesus-positive fetus is conceived. Here the trouble begins, because mommy 
still possesses IgG antibody to Rhesus, and as you will remember, IgG can cross the placenta. 

[* We shouldn't give the impression that this happens every time. In fact this type of sensitization 
(alloimmunization) occurs in about 15% of cases.] 
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Presumably depending upon the antibody titer, the anti-Rhesus antibody, in the presence of complement, 
can systematically destroy the fetal erythrocytes, or at best significantly deplete them. Thus the fetus is 
either stillborn, or born with severe hemolytic anemia. 

This scenario can be treated by preventative anti-D antibody (commercially called Rhogam), administered 
passively to the mother (Rhesus prophylaxis). The passively injected antibody goes around and binds to 
the fetal D antigen before the maternal antibody response even notices it, thus preventing maternal 
sensitization. 


Type III Hypersensitivity refers to tissue damage brought about by the deposition of antibody-antigen 
complexes (immune complexes*). 

[* This colloquial expression is silly, since the complexes themselves aren't actually immune to anything.] 

In these diseases, the etiological agents are large complexes that arise usually as a result of chronic 
exposure to low doses of antigen, often coupled with a relatively poor antibody response. As a result of this, 
antigen is not efficiently cleared, and larger and larger complexes of antigen and antibody bound together 
begin to form. 

Two hypersensitivity states that often occur as a result of "immune complex disease" are alveolitis, and 
glomerulonephritis. 

Examples of the first kind include pigeon fanciers’ lung and farmers’ lung*. In these diseases, antigens are 
inhaled in small quantities into the lungs over a long period of time, resulting in the formation of antibody- 
antigen complexes. These cannot be readily be cleared from the alveolar space, and so they tend to sit 
there and in doing so bind passing complement proteins. The complement cascade is initiated, and the 
membrane attack proteins look around for the nearest membrane, which in this case happens unfortunately 
to be the alveolar membrane. As a result of the local inflammation macrophages eventually arrive, but also 
have difficulty in dealing with the large complexes. These cells release (or perhaps leak) lysosomal 
enzymes to break up the complex, but all this succeeds in achieving is further local tissue damage, thus 
accentuating the alveolitis. 

[*A peculiar hobby in Northern Britain is racing "homing" pigeons. Pigeons have a Twilight Zone property of 
being able to home back to their nests, even over long distances. So the owners drive them out to the 
countryside and release them, and then time how fast they return to their home. The ’home" is usually an 
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attic or loft in the owner's residence, and if sanitary conditions are not sparkling, the loft accumulates what 
can pleasantly be described as pigeon antigen. Over a period of time these antigens are inhaled by the 
owner, leading to immune complex disease within the lung tissues. Farmer's lung is less romantic, being 
attributed to the inhalation of fungal antigens present in mouldy hay.] 

A second major consequence of immune complex formation is glomerulonephritis, resulting from the 
deposition of complexes in the kidney. The most common site is between the podocytes in the glomerulus, 
that is, between the cells that make up the "sieve". This can happen in a number of disease states, in 
which the complexes pass through the blood stream until "caught" by the glomerulus. Examples are post¬ 
streptococcal glomerulonephritis, in which a low-grade persistent upper respiratory strep infection leaks 
bacterial antigen into the blood, and sub-acute bacterial endocarditis, in which small amounts of antigen 
leak from behind the heart valves.* 

[*ln this latter case, bacteria become established behind the aortic semilunar valve. Because of the 
pounding blood pressure at this point it is impossible for passing phagocytic cells to be able to get up 
behind the valve before being squirted at high speed in the general direction of the ankles.] 

As before, the presence of immune complexes in the glomerulus sets off the complement pathway and 
other inflammatory processes, causing extensive local tissue damage, and if untreated, loss of renal 
function. 


Type IV Hypersensitivity, or Delayed Type Hypersensitivity (DTH), is a reaction involving T cells and 
mononuclear phagocytes that can cause local tissue damage or disruption. This disruption is usually very 
mild (except in certain cases of advanced disease), and hence in the opinion of this writer DTH should not 
be considered as a "hypersensitivity" response at all, but merely as a normal immune defense mechanism 
that is generated in response to certain infectious agents. 

The DTH reaction is characterized by the accumulation of T cells and monocytes at the site of bacterial, 
fungal, or protozoal infections which are by their nature intracellular (such as Mycobacterium, Brucella, 
Salmonella, Listeria, or Leishmania)*. We now believe that these [probably memory] T cells activate local 
macrophages to secrete lots of TNF, which then triggers the production of MCP-1 chemokine by local cells, 
attracting in monocytes. These monocytes accumulate in large numbers, creating a granuloma, and 
effectively "walling off" the site of infection and its potential dissemination. 
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[* An intracellular parasite is not obligatory, however; even innate particles such as asbestos can trigger 
this reaction.] 

Because the DTH effector T cell is a circulating population, then evidence of its presence is diagnostically 
useful. In many countries small children are given the “Tine Test”, in which soluble Mycobacterium 
tuberculosis antigen is injected into the child intradermally. [If you work in the TB program at CSU you’d 
have to have this test as well]. If the child has been previously exposed to the infection itself, then DTH 
effector T cells are present, and these cells think that the injection site contains the real thing. Monocytes 
are recruited, and over the next 24 to 48 hours accumulate in the dermal site forming the beginnings of a 
granuloma. At this time the site is palpatable as a small lump, which is taken as a positive reaction. 

[As you can see, under such situations this type of reaction is clearly beneficial to the host, potentially 
walling off infections, rather than being some sort of life-threatening, tissue damaging, hypersensitivity 
response the original boneheads classified it as]. 

Before leaving, we should just mention contact sensitivity, also called contact dermatitis or contact eczema. 
This reaction is initiated by low molecular weight materials which are not by themselves antigenic but which 
diffuse into the skin and bind to host proteins creating new antigenic determinants. This results in the 
sensitization of DTH effector cells which then give rise to an inflammatory reaction in the skin at the site of 
the "neoantigens". The best example of such a material is urushiol, which is an oily substance secreted by 
the infamous poison ivy plant. [Want the good news? Due to climate change/warmer temps] and more C02 
available, the poison ivy and poison oak plants are getting larger and more potent. If you go down to the 
woods today....]. 
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26. AUTOIMMUNITY. 


One dark night, many years ago, the noted scientist Ehrlich awoke from a nightmare screaming "horror 
autotoxicus.... horror autotoxicus...". After psychiatric help (an oxymoron?), it transpired that what Ehrlich 
was actually thinking about was the unpleasant consequences of the immune system, for whatever reason, 
deciding to attack the tissues of its own body. 

Autoimmunity is caused by a breakdown in tolerance to all those self antigens were not supposed to 
recognize. The basis is complex, involving both genetic and environmental mechanisms, but as we saw 
above also involves the Treg and Th17 T cell subsets in some manner. However, some generalizations 
can be made.... 

Firstly, there seems to be a genetic predisposition in some people. The classical example of this is 
ankylosing spondylitis, an autoimmune form of arthritis seen in early adulthood, in which there is stiffness 
and pain in the hip girdle and back, followed by progressive arthritis in the spine and large joints. More than 
90% of sufferers have the MHC haplotype B27, thus suggesting a genetic disposition to this disease. 
Others examples include Celiac disease (strongly associated with MHC DR3), Reiters syndrome (again 
with B27), and rheumatoid arthritis (with DR4). 

A second basis may be dysfunction, as a result of the breakdown of T cell regulation. This theory arose as 
the result of experiments in the mid-sixties which were interpreted as indicating that reactivity to self was 
discouraged by suppressor T cells which down-regulated the reactivity of other T cells to self antigens. 
(Before you point out that the thymus gets rid of such self-reactive cells.... there is some merit in this idea, 
at least from the perspective that "old" erythrocytes, i.e. those whose time in circulation is coming to a 
close, start to become a bit frail at the edges and express so-called "hidden" antigens, against which the T 
cells react. Of course, all this depends upon whether you believe in suppressor T cells, which nobody does 
anymore...). That was then...this is now, and the discovery of Treg CD4 cells helps explain matters.... 

A third basis regards the effects of exogenous agents. In these cases, agents such as viruses, or drugs, 
become stuck to host proteins creating neoantigens against which the T cell response cross-reacts. One 
recent additional suggestion is that certain infectious agents may produce proteins that are superantigens 
(see above), which bind to V regions of the T cell receptor of certain potentially self-reactive clones, 
accidentally triggering autoimmunity. This is based on the observation that patients with rheumatoid 
arthritis have a very biased V gene usage (very high numbers of Vpi4). 

A fourth basis reflects the higher incidence of autoimmunity in the aged, and in females. This has been 
attributed to hormonal disturbances, or alterations such as the menopause, interfering with the immune 
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system and allowing autoimmunity to become established. (This is connected in a way to basis #2 above, 
in that one suggestion has been that since increases in reproductive hormones are known to be mildly 
immunosuppressive under certain conditions, this might allow normal regulation /prevention of autoimmune 
mechanisms to become subverted). 

There are quite a bunch of autoimmune diseases. There is also a spectrum, depending upon the extent to 
which a disease affects a given organ. At one end of this spectrum are diseases that only affect one 
particular organ, in other words organ-specific autoimmunity. Examples of these are thyroiditis, in which the 
host makes large amounts of antibody to thyroglobulin; pernicious anemia, in which autoantibodies are 
raised against Vitamin B receptors in the stomach, thereby indirectly screwing up red blood cell production; 
and Addison's disease, which targets the adrenal glands. 

There are then a number of intermediary autoimmune diseases, in which there is a specific target, but in 
which the target antigen is expressed at various sites in the body. Examples are various diseases in which 
the targets are nucleoproteins, raising "anti-nuclear antibodies", and diseases in which smooth muscle 
antigens are targeted. 

Finally, there are diseases in which there appear to be multiple targets, hence the term non-specific 
autoimmune disease. A major example is Sjogrens syndrome, a chronic inflammatory disease affecting the 
eyes, mouth and upper respiratory structures, in which autoantibodies target multiple antigens such as cell 
nuclei, salivary duct cells, and thyroid antigens. 

Another important non-specific autoimmunity is systemic lupus erythematosus (SLE), a chronic rheumatic 
disease characterized by multiple autoantibody production against targets such as cell nuclei and 
cytoplasmic proteins, host immunoglobulin, red cells, platelets, and others. And, if this isn't bad enough, 
these reactions can cause substantial immune complex formation leading to kidney damage through Type 
III hypersensitivity.* 

[* we should point out in fairness, that there is a a School of Thought amongst certain clinicians that non¬ 
specific diseases such as SLE and rheumatoid arthritis are autoimmune by effect, rather than by cause. In 
other words some other underlying disease manifestation is the cause, with the emergence of 
autoimmunity being a "side-effect". ] 

Many autoimmune diseases target host receptors, but the effect of this is not always destructive. For 
example, in Graves thyrotoxicosis, autoantibody binds the thyroid stimulating hormone receptor and 
actually stimulates it. This results in the overproduction of thyroxine by the stimulated cell, and generalized 
hyperthyroidism. (One symptom is exophthalmos, in which the eyes of the patient look like they are sticking 
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out on stalks.) Other examples of receptor stimulation are Cushing's syndrome, in which the ACTH 
receptor in the adrenals is bound by autoantibody, resulting in overproduction of steroid hormones 
(symptoms: water retention, moonface appearance); and duodenal ulcer, in which recent evidence 
suggests that antibody stimulates the H2 histamine receptor in the stomach, causing overactive acid 
secretion (symptom: mass consumption of Rolaids). 

There are many examples of the opposite effect as well, in which binding of the receptor is not stimulatory, 
but now truly blocking. Examples are myasthenia gravis, in which antibody blocks the acetylcholine 
receptor leading to gradual muscle weakening and atrophy; insulin resistant diabetes, in which the insulin 
receptor is blocked; atrophic thyroiditis, in which the TSH receptor is bound; and Addison's disease, in 
which the ACTH receptor is bound. 

Autoimmunity has been an active area of research for many years. A recent, potentially very important 
advance has been the gradual realization that certain tissues may induce autoantibody production by 
aberrantly expressing Class II MHC molecules, perhaps induced by viral infection*. 

[* the idea being that gamma interferon produced in response to the virus infection accidently causes 
expression of Class II genes by local tissue cells that normally would only express Class-1]. 


Examples of abberant expression include thyroiditis (Class II molecules expressed by thyroid epithelium), 
insulin dependent diabetes (beta cells), inflammatory bowel disease (gut epithelium), alopecia (follicular 
cells), biliary cirrhosis (bile duct epithelium), and Sjorgrens syndrome (salivary ducts). 

In addition, for the avid experimenter, there are animal models in which autoimmunity can be induced, or in 
which disease occurs spontaneously. Induction of autoimmunity is usually achieved by grinding up tissue in 
Freund's adjuvant, and then injecting it into another animal of the same species. Although this often causes 
autoantibody to be produced against these tissues, it is not exactly sporting. 

Spontaneous disease occurs in certain inbred animal species. The best examples are dogs, in which 
inbreeding for more fluff on Fluffy has resulted in a veritable wonderland of autoimmune diseases. In the 
lab, two examples are the New Zealand mouse lines, which develop SLE-like diseases a few months into 
life, and the OS line of chickens which develop autoimmune thyroiditis. These chickens become stunted 
and obese as a result, and hence resemble Wierd Al Jankovich impersonating a fat Michael Jackson, who 
is in turn impersonating Zsa Zsa Gabor smeared in honey and feathers. 

Regarding the issue of TH1 mediation of autoimmune disorders, some fingers have been pointed at the 
role of the cytokine IL-12, which can sometimes accumulate at high levels in autoimmune diseases such as 
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arthritis and multiple sclerosis. But recent evidence has questioned this, by pointing out the similarity 
between IL-12 and the very similar IL-23. IL-12 is a heterodimer of p35 and p40 chains, whereas IL-23 has 
the same p40 chain plus a much smaller p19 chain. In a mouse model of autoimmune encephalomyelitis 
knocking out the gene for p19 prevented the disease, and injection of IL-23 provoked it. All this suggests 
that IL-23 rather than IL-12 should be the target of therapeutic interventions. 

In the a ire tonight . 

Most people don’t get autoimmunity, and we think we know why, because we [mostly] delete self-reactive T 
cells in the thymus. But....it is easy to imagine thymic cells grabbing albumin or something else floating by 
the blood, but what about antigens associated with all our other organs, how does the thymus acquire 
these and present them. 

As we saw when we talked about the thymus, the way the thymus is able to present tons of different “self” 
proteins that get presented by mTECs under the control of a gene, Aire. The first clue came from a rare 
autoimmune disease called APECED [or APS1], in which multi-organ autoimmunity can appear. This 
disease is due to a mutation in the Aire gene. It was then figured out that the Aire protein tells the thymic 
epithelial cells to express tons of different proteins [from “all over the body” so to speak] so that these 
stroma cells are soaked in MHC presenting all variety of self peptides, causing depletion of self-reactive 
thymocytes. Obviously, if this gene gets screwed up, all sorts of autoimmune T cells escape without 
deletion, as APECED kids can attest. 

Treating autoimmunity; new ideas....As you know there are lots of therapeutic antibodies being developed, 
and one example is the use of monoclonal antibody to TNF being used to treat rheumatoid arthritis. 

Another new advance is the cytokine trap. This refers to genetically engineered bivalent cytokine receptor 
chains that are of high affinity for their target cytokines. These traps have very long plasma half-lives in 
mice and rats and have been used to prevent arthritis and eosinophilia [targeting asthma] in animal models. 

Another approach is to block the molecule GDI 37 with an antibody. One idea is that autoimmune T cells 
escape tolerance through apoptosis because they lack the Fas molecule and so cannot be turned off. 
Certainly this seems the case in mice lacking Fas, which can develop a Lupus-like autoimmune disease. 
Part of the activation of the activation of the autoimmune T cells is mediated by CD137, a member of the 
TNF receptor family that can function as a co-stimulatory molecule. Recent studies show that infusing 
these mice with an antibody to GDI 37 blocks this pathway and reduces the autoimmune symptoms, 
resulting in prolonged survival. 
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Multiple sclerosis is modeled in mice by the induction of autoimmunity to myelin causing a form of 
encephalomyelitis. Recent work has implicated the cytokine IL-23 [p19 plus the p40 from IL-12], p19 KO 
mice don’t get disease, whilst injection of IL-23 induces it. This may provide a therapeutic avenue to exploit. 

Another idea is that autoantibody production in chronic inflammatory autoimmune disease can be knocked 
out by depleting B cells with an antibody to CD20, and with surprisingly few complications so far. 

You are what you eaf....lt is known that if mice are calorie restricted they live longer. The drawback is that, 
when applied to humans, even mild malnutrition seriously increases susceptibility to infectious diseases. In 
a study published in 2003 concerning autoimmune encephalomyelitis in mice [a model of multiple sclerosis], 
it was noticed that levels of the hormone leptin [a key regulator of body weight] increased significantly as 
the disease symptoms started to develop. By starving the mice, which you’d think would make things worse, 
the symptoms of autoimmune disease were radically reduced. Calista Flockhart and Debra Messing take 
heart. 

.. .and what you smoke.. ? 

Some data links RA to a specific gene in humans, HLA-DRB1, and also to smoking. The a-helix of this 
class-ll molecule has an amino acid sequence [the “shared epitope’’] which has become the most 
established risk factor for RA [remember, even today the actual target antigen is still not known, collagen 
maybe?]. This correlates in addition with autoantibodies to citrullinated autoantigens only found in these 
patients. The connection to smoking is that it is known that peptides in the lungs of smokers become 
citrullinated, and it is these that may be specifically [or at least highly effectively] presented by this class-ll 
MHC presenting molecule. 
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27. IMMUNOLOGY OF THE NEWBORN AND THE AGED. 


...man is a child twice; once when he is bom, and once when he ages . 

When we are born, we don't have much of an immune system, and are hence dependent upon maternal 
IgG that crossed the placenta to initially protect us. At birth, most babies have about 10% of the adult IgM 
level, normal adult levels of IgG (thanks to Mommy), and no IgA to speak of. This takes some time to 
change as well; IgM levels take about 2 years to increase to adult levels, IgG levels take 4 to 6 years, and 
IgA levels don't get up there until around puberty. 

The neonate isn't very good at making IgG or IgA, even though its precursor B cells seem okay. This has 
been attributed to lack of helper T cell activity needed to drive isotype switching, which itself has not fully 
developed. T cell development in general begins at about 3 months of gestation (at this point cells can be 
stimulated with T cell mitogens), but clearly needs a long time before the T cell pool is fully functional. 

Placental IgG transport begins at about 3 months gestation, and IgG levels increase progressively until at 
birth the neonate has approximately the same levels as his/her Mother. At this point, IgG levels then 
decrease as the maternal antibody is slowly catabolized, an event called physiological 
hypogammaglobulinemia. This is compensated after a few more months by production of host IgG, but it 
may be several years before the adult level (about 1200 mg/dl) is reached. The dip in IgG levels between 2 
and 6 months can be critical, because host defences are relatively low at this time, and the child is more 
susceptible to serious infections, such as H.influenzae meningitis. This is even more important in 
premature children, because they have even less maternal antibody to start with. 

IgM is the chief immunoglobulin synthesized by the infant, and about a week after birth synthesis 
accelerates as a result of stimulation by the bacterial flora. However, at this time the infant is still heavily 
reliant on maternal antibody to protect it against most common bacteria and viruses, a situation that will last 
until the child is at least 6 months old. Paradoxically, the retention of maternal IgG over this time precludes 
vaccination against diseases, because the maternal antibody would effectively clear antigens before 
stimulation of the neonatal immune system. 

So, what can go wrong ? Well, the answer is plenty. Over the past forty years a large number of primary 
immunodeficiency states have been identified in newborn children. About half of these are deficiencies in 
the antibody response, with most of the rest representing problems with the cellular and phagocytic cell 
defences. 


281 




Typically, a child will initially present with recurrent upper respiratory infections, usually bacterial in nature. 
Often, the child shows evidence of a failure to thrive, and he/she may have hematologic abnormalities. 

Primary immunodeficiencies are classified by type. Type I are predominantly antibody defects, leading to 
hypogammaglobulinemia. Type II are common variable immunodeficiencies (CVID), which include poor 
production of T and B cells, and biochemical lesions such as adenosine deaminase deficiency. Type III 
covers other major defects, such as Wiskott-Aldrich syndrome. Ataxia telangiectasia, and DiGeorge 
syndrome. Type IV are the complement protein deficiencies, and Type V the defects of phagocytic function, 
such as Chronic Granulomatous Disease and Chediak-Higashi syndrome. 

It is clear that genetic factors play a major role in many of the primary immunodeficiencies. In several, a 
single recessive gene is involved, resulting in X-linked or autosomal inheritance; in others there is good 
evidence of familial inheritance, but the genes involved have yet to be pinned down. 

Deficiencies don't always appear right at birth, but may take time for symptoms to appear. Early appearing 
diseases include DiGeorge syndrome, in which tetany and heart disease are seen, and severe combined 
immunodeficiency (SCID), in which diarrhea and infections such as Candida are seen, often within the first 
6 months of age. 

Others are seen only within the first 5 years of life. These include the X-linked antibody deficiencies, and 
cellular deficiencies leading to chronic mucocutaneous candidiasis. 

There are a number of obvious screening tests for immunodeficiency. These include measuring serum 
antibody levels, including looking for specific antibody against previously administered vaccines such as 
tetanus or diphtheria; determining lymphocyte numbers and their responsiveness to mitogens; examining 
phagocyte activity; and measuring complement activity. 

Secondary immunodeficiency diseases are defined as those that occur in neonates who initially have an 
intact immune system, but in whom this system is transiently or permanently impaired. These include 
AIDS; hereditary diseases such as Down syndrome; patients who have been given immunosuppressive 
therapy such as irradiation, steroids, cyclosporin A, etc; infilrative diseases such as sarcoidosis; 
malignancies such as leukemia; and after traumatic exposure such as burns. 

Before leaving this aspect of the subject, we should just look in a little more detail at a few immunological 
diseases of importance. 
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Wiskott-Aldrich syndrome is an X-linked disease characterized by loss of platelets, leading to bleeding 
episodes, eczema, and recurrent infections with viruses such as herpes. There are poorly defined defects 
in both T and B cell functions, with elevated IgA and IgE levels, but depressed IgM responses. The only 
treatment for the disease is bone marrow transplantation; this however has been fairly successful to date. 
A gene, WASp, has been identified, which seems to encode for a protein that controls cellular actin 
reorganization, one consequence of which is a screw-up of TCR/MHC costimulation. 

Ataxia telangiectasia is an autosomal recessive disease characterized by a number of neurological 
symptoms resulting in ataxic problems in posture and gait, followed by slurring of speech and severe 
disability. There are variable defects in both cellular and humoral immunity in over 70% of patients, as well 
as a high predisposition to develop cancer. The gene affected is a protein kinase that is very important in 
DNA repair; exactly how it causes the syndrome remains unclear. 

Adenosine deaminase deficiency was first discovered in 1972. In healthy people the deaminase enzyme 
converts adenosine to inosine; when it is lacking, pyrimidines cannot be synthesized and toxic materials 
such as deoxyadenosine accumulate in the cell. Immunological (and other cellular) functions are 
depressed, and the patient shows the usual signs of combined immunodeficiency. Bone marrow 
transplantation was the therapy of choice, although this may become superceded by recent advances in 
gene therapy, in which bone marrow cells from the patient are transfected with the gene for ADA and 
returned to the patient. 

Chronic granulomatous disease is an inherited disease of oxidative metabolism in which the respiratory 
chain is defective in granulocytes. Thus, in cells such as neutrophils, phagocytosis of bacteria occurs 
normally, but then the cell is unable to kill the ingested organism. When compared to such cells in normal 
individuals, cells from CGD patients do not appear to be able to fuse their cytoplasmic granules to the 
bacteria-containing vacuole, nor can they generate toxic oxygen radicals needed to kill the bacteria. As a 
compensatory mechanism, therefore, the host must rely on monocytes to combat infections, which results 
in widespread granulomatous lesion occuring in many areas of the body, including the skin, lungs, and 
lymph nodes. As infections spread systemically, there is usually hepatosplenomegaly, with abscesses 
often occuring in the lungs, liver, spleen, and bones. 

The gene for CGD has been identified on the short arm of the X chromosome; it encodes for the gp91 
[phox] protein which anchors the cytochrome b245 in the NADPH oxidase complex; this protein is lacking 
in CGD patients. 

Chediak-Higashi syndrome (named after Drs. Chediakfrom France, and Higashi from Japan) is another 
autosomal recessive disorder of phagocytic cells in which there is recurrent pyogenic infections. The 
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disease is characterized, in addition, by the accumulation of large cytoplasmic inclusion bodies [now 
believed to be fused lysosomes] within phagocytes. The pathogenesis of the disease is now recognized as 
a lysosome storage disorder, and a gene [LYST; lysosomal trafficking regulator] has been identified. It 
differs from CGD in that both oxidative metabolism and toxic oxygen production appears to be normal. 


....and when we get old..... 

If you've been to Florida or Arizona recently you would have probably noticed the high frequency of people, 
some of whom are clearly very elderly, jumping about playing bingo, golf, shuffleboard, or generally 
enjoying themselves in the sun. As general health improves in this country as a result of medical advances, 
the numbers of healthy old people has increased enormously, effectively dispelling the myth that old age is 
invariably associated with infirmity. 

What might surprise you is to learn that the aged, that is the over 65's, comprise the largest growing 
component of the nation. By the end of this century it is projected that the elderly will comprise nearly a 
quarter of all people in the USA. 

And what of immunity? A generalization would be to say that immunity declines with old age, and is hence 
the basis of the increased risk in the elderly of infections, and of tumors. Early work in this field, based 
upon both clinical and animal studies, indicated that just about everything associated with the immune 
system falls apart; however, this is certainly not true for certain components, and only half-true for others. 

The earliest hypotheses reflected the knowledge that the thymus gland involutes. In gestation, the thymus 
is derived from the third and fourth ventral pouches, and descends into the upper mediastinum after about 
2 months in utero. It increases in size, which peaks around birth, and then becomes smaller ("involutes") 
and infiltrated with fatty tissue. Around about puberty the thymus has undergone full involution, and hence 
the initial prevailing opinion was that, functionally, it was shot and thus couldn't produce any new T cells. 
Thus, since at least some T cells were long-lived, you had enough to go well into mid-life, but after that, 
adios. 

Evidence for the hypothesis that T cell reactivity declined after 65 or so was based upon crude assays 
using lectins such as PHA to stimulate T cell proliferation in vitro. This declined dramatically, thus leading 
to the conclusion that T cells were no longer functional. Morerecently, however, it has become clearer that 
antigen-stimulated T cells or "memory" T cells, which accumulate as you get older and encounter more 
antigens, become unresponsive to lectins; thus you still have plenty of T cells, they are just not interested 
in lectins. 
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In this respect, the last two decades have seen a substantial accumulation of knowledge concerning the 
effect of aging on cellular immunity. It is still collectively agreed that T cell-mediated immunity declines with 
advancing age, although a shift in emphasis has occurred away from the early hypothesis that this directly 
correlated with thymic involution (a finding not supported by the lack of drastic change in T cell numbers in 
old animals, thus probably indicating that the thymus continues to "top up" the T cell pool), and more 
towards the hypothesis that "physiological" aspects of T cells become wanting. 

In this regard, evidence is now accumulating that aspects such as cellular activation, transit through the cell 
division cycle, and cellular differentiation of T cells may explain the gradual loss of function. Lesions at a 
biochemical level are also being demonstrated, ranging from receptor signal transduction, to the gradual 
accumulation of glucated proteins which lose their function as a result of the Maillard reaction (a process of 
nonenzymatic glycosylation in which reducing sugars condense with free amino groups on proteins). 

There is no consensus as to the relative numbers of the two major subsets (CD4 and CDS) of T cells in that 
every concievable potential change has been been reported in the literature. There is also very little 
concrete information on the effects of aging on the production of the various cytokine molecules that 
lymphoid cells secrete. The only exception to this is IL-2, and its receptor. In this case, the current evidence 
favors the hypothesis that T cells from aged donors both produce and respond to IL-2 poorly, which may be 
a central reason for their declining responsiveness to antigens. 

These factors probably include the activation and mitotic potential of such cells (sometimes referred to 
poetically, but accurately, as the functional "mosaic" of T cells in the sense that many cells appear normal 
until asked to actually do something). For example, in several studies the ability of a proportion of cells to 
enter the cell cycle, or the rate at which they progressed through it, were clearly defective. One explanation 
for such events may be that the signals needed prior to entry into cell division are dysfunctional. In T cells, 
transduction of the signal through the CDS molecule indicating high affinity binding of the T cell receptor is 
associated, within minutes, with a rapid rise in intracellular calcium ions coming from both intracellular and 
extracellular sources, with a concomitant turnover of phosphotidyl inositol and protein kinase C activation 
common to many receptor systems. Recent work has shown that both young and old mice possess a 
proportion of T cells that are unresponsive to mitogenic stimuli, and which do not exhibit such rises in 
intracellular calcium. In old mice this proportion increases with age, leading to the hypothesis that this 
defect may contribute to the demonstrated inability of such cells to enter into cell division and to begin to 
secrete IL-2. 

As with T cells, there appears to be a gradual accumulation of B cells that are memory cells in old people, 
as the bone marrow slows down in its ability to produce new unstimulated B cells. There is no dramatic 
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decline in overall B cell numbers, but responsiveness seems to diminish, perhaps for similar physiological 
reasons to those observed in the T cell popluation. 

Circulating antibody levels may vary in old people, although the majority of studies suggest increases in 
IgG and IgA. In animal studies, the induction of new antibody responses have been reported to have been 
impaired in old age, although more recent information may suggest that this reflects a more catabolic 
attitude by the presenting macrophage, which chews up the antigen rather than presenting it. 

There are now lots of old people around, enough to study in fact. The Italians have been at this for years, 
simply because they have lots of centagenarians. [My own theory, based upon my feelings sitting in the 
Tuscan countryside on a sunny day outside a cottage with the window sills loaded with flowers and 
consuming a nice Chianti, is that stress, or lack/avoidance of it, has a lot to do with it. I’m going to be lucky 
to make 60 if the CSU Regulatory committees have anything to do with it]. Now, the Europeans have 
begun the Genetics of Healthy Aging program to study everyone over 90. Genetics is almost certainly 
important, but so is environment and behavior. Tobacco, Budweiser and Big Macs play their part, but on 
the other hand the Queen Mom made 101 largely on a daily diet of gin and tonics, and Jeanne Clements, 
who died in France at 114, liked her Gauloises right into her nineties. In other words, there is no specific 
formula here. 

What genes? One that stands out is ApoE4, which is associated with higher rates of heart disease and 
Alzheimers, whereas it’s variant ApoE2 is much more frequent in very old people. 

Worms.... Studying worms that can be induced to live much longer by gene manipulation tells us... er... 
nothing....[although worms everywhere find this all very interesting]. 

...and even worse...far far worse....because we’d all like to live longer this allows certain charlatans to prey 
on the populace with fake mumbo jumbo pseudomedicine. One such example “Dr” Gary Null who is the 
guy trotted out by KBDI, the Boulder PBS station, every pledge week. If we turn away from drug therapies 
for Alzheimers and hypertension and other diseases of aging, and turn to Gary’s program of green tea and 
nuts and berries then not only will we prevent these diseases, but this will also reverse these disorders. 
Green tea cures cancer, according to KBDI and the vastly knowlegeable Null. 

But let’s not get carried away here. If you actually swallow what Null says on TV, and if you are so 
immensely stupid you actually send pledge money to KBDI, then you need a lobotomy. And we can have 

some fun as well.when Null stated he cures Alzheimers with cabbage juice [you have to use his juicer, 

which costs eight times more than a Cuisinart] I wrote to KBDI and asked why President Reagan was not 
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treated in this way, and why was KBDI with-holding this information? Needless to say, these abject 
cowards didn’t reply. 
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28. NEUROIMMUNOLOGY (AVERY BRIEF, SKEPTICAL, TOUR). 


Luke Skywalker. ./ don't believe it II 

Yoda . That is why you fail. . 

There is a famous experiment in which mice were given what the shrinks call a taste aversion conditioned 
stimulus paradigm. In this, mice were fed a taste stimulus, in this case saccharin, followed by an injection 
of cyclophosphamide. This powerful drug, as we know from above, is immunosuppressive, and lo and 
behold it caused a depression in the immune response of the animal. After several such episodes, the 
saccharin was still given, but now our fearless experimenters in an effort to push back the frontiers of 
psychoscience, with-held the cyclophosphamide. And do you know what, the immune response of the 
mouse dropped anyway. 

[ .A brief interlude of "Twilight Zone" music.] 

This experiment, we are told, shows the deep, persuasive, and important influence that the nervous system 
has on the immune system, in that the former can tell the latter not to respond to specific antigen. 

Total bollocks. 

I have a different explanation: after being man-handled and freaked out several times, the mouse knew (by 
conditioning) that the taste stimulus would be followed by injection of a material that would make it feel sick 
for days, hence it got... like... stressed-out... flooding its own system with glucocosteroids, which depress 
immunity extremely well. 

Silly experiments aside, there is clearly an area on the fringes of the immune system and the nervous 
system where interactions take place, just like there is a clear integration between parts of the nervous 
system and parts of the endocrine system. Unfortunately, most of the burgeoning number of 

neuroimmunologists seem to regard their field as somewhere WHERE NO MAN HAS GONE BEFORE., 

rather than considering the immune, nervous, and endocrine systems as closely related, protein signal 
mediated, physiological systems. As in the example above, stress is a type of response that physiologically 
involves all three systems, from the inflammatory mediators that affect immune cells, to the outpourings of 
various endocrine glands, to the motor neurons giving your eyelids their nervous tic. Another example are 
various inflammatory processes, in which the blood clotting system, the kinin/prostaglandin system, and the 
complement system, all overlap to some degree. 
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It is becoming fairly clear that the immune system sometimes overlaps with the nervous system in the use 
of common signal molecules and their receptors. One good example of this is adrenocorticotropic hormone 
(ACTH), which has an important role in growth and metabolism in the body. A potent inducer of ACTH 
release is stress (such as taking exams). A perusal of the exam questions causes various twitching in the 
limbic system of the brain, which tells the hypothalamus to tell the pituitary to secrete ACTH. In addition, 
however, there is now evidence that the thymus can also secrete ACTH under certain conditions, although 
why exactly remains unclear. 

ACTH controls adrenal secretion of glucocorticoids, changes in the concentration of which can influence 
various aspects of the immune response, such as antibody production. Thus, obviously, anything that 
induces stress (such as depression, bereavement, marital difficulties, loneliness, etc) can potentially down- 
regulate the overall status of the immune system, making the individual more prone to things such as 
infections. 

Some immune cells have receptors for ACTH, and can even secrete this molecule themselves under 
certain conditions. This smacks of autocrine feedback, rather than some sort of mystical control of 
immunity by the nervous system, thus prompting the basic question of whether these molecules and 
receptors are actually involved in regulating the physiological integrity of these cells, rather than directing 
their effector functions. 

There is a long list of neurotransmitters that, if sprinkled in in sufficient quantities, can interfere with 
immune functions. How many of these actually have the same effect at physiological concentrations, 
however, remains largely unproven. 

Various neuronal structures have also been implicated in control of immunity. One such is the pineal gland. 
This organ, once thought vestigal and a throwback in evolution to when figuring out how to peel a banana 
used up most of our brain function, has since been implicated in control of skin pigmentation. It has also 
been given more fanciful roles, such as the site of a magical third eye*, and the seat of our souls. Removal 
of the pineal gland in rats has impaired the antibody response, and the mixed lymphocyte reaction (division 
of alloreactive T cells in vitro). 

[* the third eye of Shiva, an Indian deity....] 

Much also has been made of the fact that much of the lymphoid tissue is innervated. The thymic cortex is 
rich in noradrenergic fibers, whilst thymocytes that past through these regions possess a-adrenoreceptors. 
Certain parts of lymph nodes and the spleen also receive such innervation, particularly around the larger 
blood vessels (such as the PALS). Whether these nerve fibers are doing what nerves usually do to blood 


289 



vessels (my view) or whether they may be potentially directing trafficking lymphocytes (the view of certain 
neuroimmunologists) is unknown. 

In addition to the possibility that the nervous system may be able to sometimes tell the immune system 
what to do, there is clearer data that suggests the opposite does occur. The best example is IL-1, which in 
addition to its activity on T cells, acts on the hypothalamus to raise body temperature ("natural pyrogen"). 
Other cytokines are also clearly pleiotropic, which may also involve interactions with the nervous system. 
Thus, the interaction and integration between the two systems, at least at this level (i.e. physiological 
interaction rather than control of effector function) probably is a common and constant event. 

The bottom line here is the degree to which the endocrine and cytokine networks interface, and how this 
can be controlled by the brain. Much has been made of the fact that the two systems operate widely by 
means of chemical transmitters, but here in my opinion the similarities end; the endocrine system operates 
long distance [brain makes ACTH, adrenals pick up from blood] whereas cytokines are clearly for the most 
part local acting materials. The only real exception to this rule is IL-1, which goes to the brain to crank up 
the body temperature. 

In this regard, we know that cytokines such as IL-1 can travel to the hypothalamus and pituitary glands, 
where amongst other things they can stimulate release of glucocorticoids, which down regulate 
inflammation [and inhibit further cytokine production]. The question now being asked is can this axis control 
macrophage activation directly? The current model is that cholinergic activation via the vagus nerve 
stimulates acetylcholine release within lymphoid organs. This then binds to receptors [a-bungarotoxin 
sensitive nicotinic receptors] on macrophages, deactivating them. As a result, they stop making TNF. 
[Studies fifty years or more ago in mice suggested that triggering the hypothal/pit axis in the brain could 
make the animal less sensitive to LPS induced shock...which fits....I guess...]. 

Because of this, an effort is underway to identify molecules that can stimulate this aspect of the vagal 
response. One such compound is CNI-1494, a tetravalent guanylhydrazone, which tickles the CNS directly 
and seems to trigger this neuronal anti-inflammatory reflex [if you cut the vagus nerve in mice the effect is 
lost]. As proof of principle, it has been given to patients with severe [TNF-mediated] Crohn’s disease 
significantly reducing disease severity. 

[but I’m still a skeptic.] 
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29. SEX, DRUGS, ROCK AND ROLL.and DEATH: ACQUIRED IMMUNE DEFICIENCY SYNDROME. 


Let’s start with the numbers. Since it was identified in 1983 HIV has infected 78 million people and killed at 
least half of them. Approximately 50,000 people are newly infected with HIV each year in the United States. 
At the end of 2008, an estimated 1,178,350 persons aged 13 and older were living with HIV infection. Of 
those, we think about 20% did not know they had the HIV virus. 

There are at least 34MM people in the world living with HIV and 3MM children. During 2010, some 2.7 
million people became infected with HIV, including an estimated 390,000 children. Most of these children 
are babies born to women with HIV, who acquired the virus during pregnancy, labour or delivery, or 
through breast milk. Drugs are available to minimise the dangers of mother-to-child HIV transmission, but 
these are still often not reaching the places where they are most needed. 

The year 2010 also saw 1.8 million deaths from AIDS-related causes. The number of deaths had peaked 
around 2005, and due to the expansion of antiretroviral therapy, it is now estimated that 2.5 million AIDS- 
related deaths have been prevented since 1995 in low- and middle- income countries. By the end of 2009, 
the epidemic had left behind 16.6 million AIDS orphans, defined as those aged under 18 who have lost one 
or both parents to AIDS. 

Around half of people who acquire HIV become infected before they turn 25, and AIDS is the second most 
common cause of death among 20-24 year olds. 

Sub-Saharan Africa is by far the region most-affected by the AIDS epidemic. The region has just over 12% 
of the world's population, but is home to 68% of all people living with HIV. An estimated 1.9 million adults 
and children became infected with HIV during 2010 - contributing to a total of 22.9 million people living with 
HIV in the region. Adult HIV prevalence varies considerably across sub-Saharan Africa - from 0.2% in 
Madagascar to almost 26% in Swaziland. Women are particularly affected by HIV in sub-Saharan Africa; 
an estimated 59% of people living with HIV in the region are women. 

An estimated 1.2 million people died from AIDS-related illnesses in 2010 [a large percentage now from 
tuberculosis]. Antiretroviral therapy has had a significant impact on the number of deaths from AIDS; the 
scale-up of treatment contributed to a 29% decline in AIDS-related deaths between 2005 and 2010. The 
scale-up of preventative programs has also contributed to a decline in the number of new HIV infections 
and AIDS-related deaths among children. 

Until recently it was thought that India was home to around 5.7 million people living with HIV - more than 
any other country in the world. In July 2007 this estimate was revised to between 2 million and 3.1 million, 
based on better data and the results of a national household survey. Because of this revision the current 
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estimate is around 4.8 million. Other countries in the region with large numbers of people living with HIV 
include China (740,000), Thailand (530,000) and Viet Nam (280,000). 


The AIDS epidemic in Eastern Europe and Central Asia is still expanding. Some 160,000 people were 
infected with HIV in 2010, bringing the total number of people living with the virus to around 1.5 million. In 
2010 an estimated 90,000 people died from AIDS-related illness, more than eleven times the number in 
2001. Worst affected countries are the Russian Federation and Ukraine, but HIV continues to spread in 
Belarus, Kazakhstan, Kyrgyzstan and Uzbekistan. It is now estimated that around 980,000 people are 
living with HIV in the Russian Federation. 

The total number of people living with HIV continues to rise in higher-income countries, largely due to 
widespread access to antiretroviral therapy, which prolongs the lives of those living with HIV. It is estimated 
that 2.14 million people are living with HIV in North America and Western and Central Europe, an increase 
from 1.6 million in 2001. In these two regions, a total of 29,900 people died from AIDS-related illnesses in 
2010. The number of people living with HIV in Oceania increased from 41,000 in 2001 to 54,000 in 2010. 

In recent years there has been a significant increase in new infections among men who have sex with men 
in higher-income countries. In both North America and Western and Central Europe women account for a 
quarter of all people living with HIV. 


HIV is not the first virus to target cells of the immune system, but it is almost certainly the most devastating. 
In the experience of a number of us [most of you are too young to remember], it is the first time that a true 
scientific and social problem has interfaced with the political system, and the results were not pretty. In an 
event that will in my opinion live in infamy, it took the then President of the United States [Reagan] nearly 
five years to admit that a "problem" even existed, a delay that we’ve paid dearly for since. Many of us were 
fearful at the time of the 2012 election - because Paul Ryan’s budget plans would have crippled the NIH, 
and AIDS research as well. 

The "AIDS epidemic" began in early 1981, when a Los Angeles physician, Gottlieb, and his colleagues saw 
five cases of fungal Pneumocystis pneumonia in young adult males. Since this infection was very rare, 
being only seen in the severest of immunodeficiencies, it initially was a great puzzle to the physicians faced 
with it. A drug therapy, pentamidine, existed to treat it, but this had to be obtained from the CDC in Atlanta, 
since pharmacies had no reason to keep any since it was so rarely prescribed. Gottlieb’s account of severe 
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immunodeficiency in five men appeared in Morbidity and Mortality Weekly Reports [the CDC’s “who’s dead 
this week” newsletter] in June 1981. 

At the same time, the CDC began to receive reports of an increase in a rare form of skin cancer, Kaposi's 
sarcoma, and of a "malaise" in which individuals had night sweats, began to lose weight, and had swollen 
nodes (lymphadenopathy). Within a year, the picture had broadened to include such symptoms occuring in 
blood transfusion recipients, including a 20 month old baby. 

By 1983, it was clear that AIDS "clustered" epidemiologically into two groups, young male homosexuals, 
who comprised the great majority of cases, and recipients of blood transfusions or blood products (such as 
hemophiliacs) in which a much smaller number of cases were known at that time. 

When sexual practices were examined, it was obvious that anal intercourse between homosexual men, 
and a high frequency of partners, were significant parameters. These statistics produced the inevitable 
homophobia, ranging from the "serves them right" brigade to the outright despicable such as the evangelist 
Jerry Falwell suggesting that the virus was sent by God to kill homosexuals. He subsequently ascribed the 
dreadful events of 9/11 to lesbianism, just for good measure. Falwell died a couple of years ago, and so I’m 
very curious as to what God had to say to Jerry about all this. I suspect Heaven has a special room in 
which all those tele-evangelicals with their 1 -800 numbers have to sit around for a few centuries and reflect 
on their obvious greed, hatred, and avarice; Family Research Council [who hired that appalling Buggar 
child] take note. Because of this, the syndrome was given the unfortunate name of gay-related immune 
disease [GRID]. But soon, female partners of bisexual men, as well as hemophiliacs, began presenting 
with the syndrome. As a result the name was changed to acquired immune deficiency syndrome. 

HIV is no more a "gay disease" than is influenza. In 1983 the first cases of AIDS amongst heterosexual i.v. 
drug users were documented. By the middle of 1985 a far greater and more frightening picture arose, 
namely, evidence of a gigantic AIDS epidemic sweeping central Africa. In this latter situation, the disease 
was almost exclusively heterosexual in transmission. 

This news touched off the speculation that AIDS was about to become a heterosexual epidemic in the USA. 
This has certainly happened, but at a slower rate than feared. This probably reflects behaviour; most 
heterosexuals do not have a large number of partners, whilst the promiscuity of the 70's had already been 
blunted by little fellows such as the genital herpes virus. 

The second reflects basic hygiene; most people in this country realize that body organs kept snug in 
undergarments should be washed on regular intervals, and that any untoward scabs or lesions beckon the 
attention of physicians. In Africa, however, heterosexual promiscuity is high - in a sense it is encouraged 
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because men have to be “MEN” -- and prostitution is rife. Sexually transmitted diseases are common, 
either because they are not noticed as a result of a lack of hygiene, or they are ignored. Even if diagnosed, 
it is unlikely the patient can afford treatment. 

Because of this, about half the people in hospital in foci such as central Africa have the HIV virus, and most 
of them have a secondary sexual infection. It is not hard to see, when one considers the breakage and 
bleeding of herpes or syphilis sores in or around the vaginal canal, how the virus is so readily transmitted in 
these regions of the world. 

In 1983 the virus causing AIDS was cultivated by Montagnier’s laboratory at the Pasteur Institute in Paris. 

At the same time the US DHSS Secretary announced that Gallo at NIH had isolated the virus. [A scientist 
in California, Jay Levy, also did this but for reasons I cannot explain never seems to get any credit]. This 
caused a bit of a snit all around, for both political and patent reasons. The French, who have a tendency to 
be a bit oversensitive about such things, were suitably disgusted that the Americans had announced their 
work ahead of the Parisians, and went through the usual pouting and spitting they are so good at. And 
rightly so, because it subsequently turned out that Gallo’s virus might have come from cell cultures 
Montagnier had sent him earlier. This had sort of....er... slipped Gallo’s mind at the time. But it was good 
theatre, especially the bit with the Sixty Minutes reporters chasing Gallo all the way into an NIH building. 

[Note: I’ve read more about this whole story in the interim, especially after Luc got the Nobel and Robert 
didn’t, and my opinion has changed...Gallo got shafted.... See my notes on “Disease and Society” I’m 
putting on my webpage separately. See also my brilliant novel, which will put you in a coma in just a few 
minutes]. 


Natural history 

HIV came from a subspecies of chimp called Pan trogiodytes, living in West Central Africa. It was probably 
first transmitted to humans through exposure to blood; almost certainly from an animal killed for food [a 
common practice in Africa, “bush meat”...thought also to have allowed the transmission of Ebola and 

SARS into humans]. Mangabey monkeys as well.this seems to have clearly involved a change in 

virulence, because simians do not develop AIDS; in fact, Mangabeys carry viral loads as high as those fatal 
in humans. 

Jumping from chimps to man [an event that may have occurred as long as 100 years ago, but in such low 
numbers the disease went unnoticed until the last two decades] was a wise decision. There are less than 
150,000 chimps left in the wild. There are six billion humans, and 50+ million already infected. But HIV is a 
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virus; it has no sentience or premeditated ideas. It is merely following Darwin’s principles - that the fittest 
shall survive. Moreover, it is altruistic, letting dozens of other opportunist infections actually finish you off.... 

So, how did HIV end up in our back yard? The initial focus for the virus was probably Kinshasa in the 
Congo, subsequently renamed “Zaire”. Zaire was a Belgium colony until about 45 years ago. The 
Belgiums left and a tin-pot dictator took over. This guy couldn't even peel a banana let alone run a country, 
so he turned to his pal Papa Doc Duvalier, the equally kind and much beloved dictator of Hiati, to help. 

Papa saw this as an opportunity to get shafted of various intellectuals he wasn’t getting along with, so 
these were shipped to Zaire where they set about making sure the trains ran on time, whilst also setting 
about the local female "hospitality". Hence, the HIV virus soon found itself back in Port-Au-Prince, where it 
was probably first transmitted to vacationing gay American men by local gay prostitutes. Since then the 
virus has found its way into Europe, and into Asia, where it thrives in places such as Bangkok. [You can 
see that if HIV had gone in this direction first, which could very easily have happened, it would have 
probably been almost exclusively transmitted heterosexually in the USA]. 

[A far more accurate and intelligent essay on this topic follows if you can get that far...] 

But the HIV rate in Africa remains the most devastating. I was in Uganda in Fall 1997 and I began to get a 
better idea of the problem. I was outside Jinja near Lake Victoria when we stopped to get water by the 
highway. This highway is a truck route that runs from Kenya right across to Zaire. The “truck stop” was 
actually just a couple of trees offering shade from the equatorial sun, and there you could get a drink, a bite 
to eat, and pick from one of the several prostitutes. This is how HIV has raced across sub-Saharan Africa. 

Incidence 

By 1988 90,000 Americans had HIV and over 50,000 more had already died. In 1995 the numbers of cases 
had reached half a million. However, with the introduction of anti-viral drugs in the mid-90’s, US death rates 
fell from 49,000 to 21,000 in 1997 and 17,000 in 1998. But since then as we saw above, things haven’t 
gotten much better. 

There has also been a demographic shift in recent years in these figures. Whilst the first wave of deaths 
affected the gay community, this group responded positively [most of the time at least] to education about 
viral transmission. No such response has occurred amongst i.v. drug users, however, and these cases 
continue to climb. The scariest thing however, is that the case rate among heterosexuals in the USA is now 
increasing 15 times faster than in all other groups. Overall, 60% of cases of AIDS in the USA are whites, 
with 40% amongst blacks and hispanics [this group now also has a higher rate than whites]. Within 
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pediatric cases, 75% are born to black or hispanic mothers. In fact, as we move into the 21 century the 
face of AIDS is a woman’s face; 60% of people infected are female. 

In 2000, 35 million people had the HIV virus and about 2-3 million people died that year. Nearly three- 
quarters of these cases were in Africa. In Botswana, the number of HIV-positive adults was approaching 
nearly half the population. At the 2002 conference in Barcelona the number had risen to 40 million with 
94% of these in developing countries. By 2008, there are over 45 million people with HIV. 

Well over 80% of HIV transmission is heterosexual. About 14,000 people get infected with HIV everyday. 
Massive rises in HIV in China and parts of Eastern Europe raises the fear that we may be on the verge of 
an exponential rise in cases. And here we were worrying a few years ago about the global population 
getting too big. 

Africa is in mortal straits. Its productive-aged adult men, the primary labor force, are dying. Life expectancy 
has dropped. HIV has a negative impact on teachers, by killing them [in some countries now more die of 
AIDS than retire], and on children, who do not attend school because they have to work in the fields 
because one or both of their parents have died. Cheer up though, HIV will not wipe us out, after all 
myxomatosis only killed 99% of rabbits, and those chaps in northern Europe with that chemokine receptor 
point mutation* should be okay. 

[1% of white Caucasians have a 32 base pair deletion in CCR5, preventing transmission of the R5 HIV 
virus. Most of these are in Sweden. Party on Sven!] 


Symptoms 

Two to three weeks after mucosal transmission the virus establishes a reservoir in lymphoid tissues. Here 
macrophages ingest and present viral particles, and after a few weeks antibody is made (the patient 
converts to seropositive status, which is the basis of the "AIDS test"). In the process the macrophages 
themselves become infected, but do not die. Instead, these cells act as reservoirs of the virus, and aid its 
dissemination into other parts of the body, such as the central nervous system. 

For the next few years the patient is generally well, although he/she may be bothered by night sweats, skin 
rashes, oral ulcers, and swollen lymph nodes. From anything between two and fifteen years or so, however, 
the CD4 count in the patient begins to progressively drop, and a plethora of infections begin to occur and 
reoccur in this individual. Prominent amongst these are Pneumocystis, Toxoplasma, and Mycobacterium 
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avium, a variety of viruses such as herpes, cytomegalovirus, and Epstein Barr virus, and various other 
organisms such as Candida and related fungi. The basis of this is the destruction of lymphoid follicles and 
the depletion of the body’s CD4 population. 

Because these infections are almost never seen in normal people, they are collectively called opportunistic 
infections. In a period usually ten-fifteen years or so after infection with HIV, one or more of these infections 
will kill the patient. At this stage the individual has very low T cell numbers, essentially no cellular immunity 
to speak of, and high numbers of circulating virus. 

Over the past few years, this picture has changed to some degree, at least if you are living in Europe or the 
USA. If so, you are receiving anti-viral therapy to keep your CD4 count at a reasonable level, and most of 
the major opportunistics can also be treated by drugs. The main threat now is tuberculosis, especially in 
developing countries. TB has become the primary fatal infection in HIV-positive people, and even worse is 
switching on latent TB* all over the globe [if you have latent TB and HIV, you have a 10% chance per year 
of developing active TB]. 

*the author should point out that latent TB doesn’t actually exist, but you have to read his research papers to follow 
this argument. 


Transmission 

The HIV virus can be transmitted in three ways: 

1) . By sexual activity involving the transmission of body fluids in such a way that it is absorbed into the 
blood stream of the partner [usually via the gut mucosa, but also via penetration of the fenrulum]. Luckily [I 
guess] the transmission rate is actually quite low, and probably reflects the numbers of virions in the blood 
which in turn probably controls how many are in the semen. 

2) . By exposure to blood or blood products directly. Because of screening methods infection by blood 
transfusion is now essentially eradicated, thus leaving infection by shared "dirty needles" the primary cause 
of transmission within this category*. This is also called parenteral spread of HIV. 

[*The Romanian dictator Ceausescu banned contraception in the 1980's so as to increase the country's 
supply of "workers". Many children were abandoned to orphanages, where it was common practice to give 
them blood transfusions to "improve" their health. Single, unsterilized needles were used time and time 
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again; as a result lots of innocent children became HIV-positive. Ceausescu and his charming wife (who 
was head of the "Science" Ministry) were shot by firing squad on Xmas Day 1989]. 


And not just the Romanians. In fact, use of non-sterilized, multiply used needles was widespread 
throughout Africa in the mid-twentieth century, and this in combination with overland trucks, overseas 
troops, and overseas airlines, transmission is easy. China yet another example. 

3). Perinatal transmission, in utero, or via breast feeding. Anti-retroviral drugs can prevent much of this, 
thankfully... 

You can’t get HIV from kissing, hugging, shaking hands, mosquito bites, or toilet seats. Luckily HIV is very 
fragile and dessicates easily; hence its need to stay in bodily fluids. 


Prevention of HIV transmission into the young, unmarried general population falls into two areas. These 
are: 

(1) Avoid sexual activity. 

(2) Engage brain before employing organs. 

The best method for avoiding HIV is abstinence. You should realize however that this is not zero risk. 
About twenty years ago a young Florida girl was deliberately infected by her dentist [it is thought he dipped 
his instruments in his own HIV-positive serum], and more recently a couple of people caught HIV from 
blood transfusion from a donor who had not seroconverted before he gave blood. 

At the 2002 AIDS conference in Barcelona, DHHS secretary Thompson had a speaker from Thailand 
excluded from the program. This caused quite a stir, and it turned out that why Thompson objected was 
because the Thai scientist strongly promoted condom use [not a bad idea given the increasing pile of dead 
bodies in Bangkok], whereas Thompson was there to spread the message that President Bush promoted 
abstinence. Hence, the Thai got the boot. 

Ironically, the whole thing descended into farce as the activist groups that plague these meetings stormed 
the stage and drowned Thompson out. Mission accomplished, the activists entered the industrial exhibits, 
trashing several stalls. 
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Many of us parents can the see the sense in promoting abstinence [or failing that, “safe sex”]. But we also 
live in the real world [as discussed above]. President Bush [43], allegedly himself a major party animal in 
his youth, was obviously not told certain facts [or, at least, had conveniently forgotten them]. First, we like 
to be politically correct and wring our hands over the problem in Africa, but the plain truth is that many 
Africans will bonk anything that moves*, and asking them to practice abstinence is ludicrous. [Piled on top 
of that are different attitudes about sex that go back many centuries in African culture, especially in 
polygamous societies. No Mormon jokes here please]. If you are a black South Africa, male, and 15 years 
of age, you have a 50% lifetime risk of getting HIV. Much closer to home, the CDC [in a 2000 survey] found 
that 65% of 18 year old teenagers in the US were sexually active. Often as not, especially if alcohol is 
involved, no protection is used. 

*an exception is Senegal, where an aggressive nationwide campaign to modify sexual behaviour has kept 
the HIV rate consistently below 2%. Unfortunately, it is an exception rather than the norm. 

The high incidence of sexual activity amongst American teenagers dispels the myth, promoted by certain 
religious groups, that condom use promotes sexual activity amongst adolescents. But it is also unfair to 
criticize or associate mainstream religious groups for negative feelings about sexuality, because faith- 
based programs have done a vast amount of good by providing food banks, meal services, pastoral care 
and counseling for people dying of AIDS, shelters for homeless HIV-positive women and their children, 
hospices, support groups, and AIDS education programs. 

[An anectode. When I got back from Pretoria last year and was unpacking in front of my wife, a big bag of 
condoms fell out of my bag onto the bed. Busy, were you, she enquired? I pointed out that everybody who 
walks out of the MRC building there, patient or visitor, gets a bagfull, the idea being this promotes their use 
and reduces the risk of HIV transmission, plus the bag hadn’t been opened.... Anyway, that’s my story....] 


A note about abstinence. The idea of a virginity pledge first arose in 1993. The Bush Administration heavily 
pushed the idea of this [and were spending >$200MM annually on promotion], and this idea spread 
amongst young people [about 10-15% apparently]. By the mid-2000’s there were enough “pledgers” to 
actually study whether this was working. A study at Harvard in 2006 reported however that surveys of 
activity were flawed because respondents tended to have “selected memory” based on what they believed 
at the time they took the survey, thus introducing an element of denial. In other words there was a 
tendency by at least half of the adolescents who made the pledge but then had sex to deny they had taken 
the pledge at all, whereas those taking the pledge had a tendency to deny they had had sex even though 
previously they had. Pledge retraction was most prevalent among those who were newly sexually active 
[73%] and those rejecting their “born-again” religious identity [63%]. 


299 



A study at Johns Hopkins in 2009 reinforced much of this, in that study, five years after the piedge, 82% of 
piedgers denied ever having piedged. There were no major differences between piedgers or controis in 
terms of sexuai activity, frequency, etc, or incidence of STDs. Piedgers were iess iikeiy to use condoms, 
probabiy because many abstinence programs forced negative attitudes about them [condoms don’t work, 
pius you get cancer, and so forth], it was aiso found that such programs deiiberateiy taught issues about 
birth controi and condoms that were scientificaiiy compieteiy inaccurate [as weii as pushing the “sex is 
dirty” angie, gonorhhea kiiis you in three days, etc]. What made my jaw drop however was data showing 
that some piedgers thought that orai or anai sex was okay, “because you are not iosing your virginity”. 
Huh? 

Bottom iine. Abstinence programs do not change sexuai behavior, and when sexuai activity then occurs 
piedgers are less likely \o use birth controi measures or practice safe sex. Thanks George. 

The best method of course to avoid HiV infection is a monogamous relationship between two peopie 
who are HiV-negative. Actuaiiy, it is the best, because you get to have tons of sex, a normai physioiogicai 
activity, but you don’t get AiDS. But make sure you get married first.... 

But what if you want to have sex with someone who has had iots of other partners? My advice is “don’t”, 
but if you do then CDC recommends aii sorts of iatex dams in addition to condoms [an absoiute minimum] 
pius gooey creams that contain virus kiiiing agents such as nonoxynoi-9. This aii sounds ghastiy and 
heaviiy detractive from something that is supposed to be pieasurabie. But it’s better than dying. 

As my teenage son years ago discovered on the internet there are virtuaiiy endiess sexuai practices 
ranging from the benign to the massiveiy perverted, but whatever you prefer the same basic ruie 
appWes.... HIV can only be transmitted if it is allowed to enter the bloodstream where it can get to T cells or 
macrophages. 

if you are reading this and you are gay, you've probabiy smart enough to have read enough to know what 
you can and can't do. Enough said, if you are heterosexuai, the ruies are more diffuse, for the simpie 
reason that there is iess tangibie data upon which to formuiate recommendations [aithough in 2012 this is 
changing...]. 

in vaginai intercourse, a maie who is technicaiiy unskiiied or just piain rough [or drunk], may cause 
bieeding in the femaie. This may be microscopic, just the tiniest abrasion at the top of a vaginai waii 
capiiiary, but it is sufficient to aiiow entry of the HiV virus hiding within a deposited iymphocyte (maie 
semen contains an appreciabie number of iymphocytes). Once in the femaie the iymphocyte is executed 
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for being allogeneic, thus releasing the virus. The point in the menstrual cycle also is important, because 
this causes changes in the mucosal later and the thickness of the vaginal epithelial barrier [multiplayer 
squamous epithelium] below. In contrast there is only a single layer of cells around the endocervix, so this 
may be a particularly vulnerable point of entry. Regardless, right below these layers are dendritic 
macrophages waiting to engulf the incoming virus and take it to draining lymph nodes [bad idea]. 

Because of the above mechanics, it is currently believed that female-to-male transmission is probably a bit 
less risky than male-to-male. However, this risk is considerably larger if lesions due to other diseases are 
present, as discussed above. [When I first wrote this bit I hadn’t heard of transmission via the frenulum, the 
thin dermal area below the head of the penis, so I’m now less sure of this. This seems to jive with data 
suggesting uncircumsized men are at higher risk - the virus sits happily inside the outer foreskin after the 
penis deflates, giving it time to erode into the frenulum]. 

Sexual activity involving oral contact is less risky, but may be above zero risk. This is because microscopic 
bleeding at the gum line is common, and because saliva can contain small numbers of lymphocytes. 
Currently however there is no concrete evidence that saliva can contain live virus. Recently, an increased 
risk of mouth/tongue cancer due to HPV virus has been suggested, but appears rare. 

Heterosexual anal intercourse, which according to a recent study occurs in a small but significant number 
of partners, is very dangerous because of the high likelihood of rectal mucosal bleeding. Even if a condom 
is used it can tear during this form of activity. 

The epidemiological data clearly shows that “safe sex” is effective. Unfortunately, it also reveals the more 
recent appearance of “safe sex fatigue”. With optimism about treatments rising, risk practices have 
reverted; a survey in London recently showed a substantial rise in unprotected sex. Such attitudes have 
stalled prevention efforts, allowing movement of the epidemic into the most vulnerable groups [politically 
correct for “stupidest”], such as drug addicts who share needles. Sadly, this often involves further 
transmission into unwitting partners, usually heterosexual women, many of whom then get pregnant, who 

then give the virus.okay, you get the message. The huge rise in HIV in Georgia, Uzbekistan, and 

Estonia, is primarily due to needle sharing, as well as massive prostitution. And the closure of the vodka 
factories after the fall of Communism. [Bad joke.. .sorry]. 

I mentioned Robert Gallo above, the “discoverer” of the HIV virus, and I may have given the impression 
that Gallo is a bit of a hard-nut. I was appointed to the Gates Foundation Grand Challenge in Global Health 
review panel in 2004 and I was seated next to him for four [long] days. The guy was a blast...friendly, 
funny, not the image I had at all. 
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He told me the story about the Nairobi hookers. It turns out that a group of female prostitutes in Nairobi 
seem to be unusually resistant to HIV and have very strong CDS responses. This group has been studied 
for several years by Francis Plummer, a physician from Manitoba Canada. They are called the Pumwani 
group [no idea why] and have about 60 unprotected exposures to HIV per year on average. Despite this 
they remain seronegative, but the puzzling thing is that if they take time off for a while and then return at a 
later time back to prostitution then their risk of contracting HIV climbs up. Somehow, therefore, continuous 
exposure seems to actually protect them. 

The virus 

The HIV virion contains 9700 nucleotides, encoding nine genes. These include conventional genes such as 
gag, pol, env, which code for core proteins, enzymes, and the envelope protein respectively, and others of 
unknown function. The virus is a retrovirus, which means it encodes its genetic information as RNA, which 
must be converted into DNA by the target host cell before transcription and translation can occur. 

Like other viruses, HIV must bind to a host cell receptor in order to be taken up into that cell, and before the 
viral enzyme reverse transcriptase can integrate the viral message into the host's DNA. 

Herein lies the great problem. The specific receptor for the HIV virus is the CD4 molecule; hence the virus 
invades the CD4 T cell population, plus other cells, mainly macrophages, that also express small amounts 
of this molecule. And because the virus is cytopathic, at least for the infected T cells, the major regulatory 
element of the immune system is gradually destroyed. 

HIV can enter cells by fusion or endocytosis [only the first method results in productive infection*]. The 
trimeric surface gp120 protein engages CD4 on the host cell, causing a confirmational change in the gp120 
that allows it to bind to an adjacent chemokine receptor [primarily CCR5 or CXCR4, but I read recently that 
maybe CCR2, CCR3, CXCR1, and CXCR2 maybe as well]. In fact, binding to CD4 seems to actually pull 
the virus very close to the cell surface, where it is hard for host antibodies to get at it. CCR5 binds the 
macrophage-tropic, non-syncytium inducing viruses [R5 HIV virus] whereas CXCR4 binds the T cell-tropic 
syncytium inducing viruses [X4 HIV viruses]*. As an indication of the importance of this process, certain 
people in Northern Europe with a deletion in their CCR5 gene are highly resistant to HIV. 

[*New data now suggests endosomic entry is more important that first thought. 
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f I read the literature correctly, then you get infected with HIV which then “grows” as either R5 orX4. R5 is 
more likely to be then transmitted, while X4 tends to expand in numbers much later as the individual 
progresses to AIDS] 

One of the chemokines that normally binds these receptors is RANTES [CCL5]. This chemokine has a loop 
structure to help it bind, and new crystallography data indicates that a hairpin-shaped loop of the viral 
gp120 molecule [V3 loop] has an almost identical structure. 

HIV can also bind to dendritic macrophages, but does so through DC-SIGN, a C-type lectin on the DC 
surface that binds gp120. The virus gets placed in an acidic compartment and then presented on the cell 
surface, and when the DC reaches a local lymph node it then presents this to CD4 cells, infecting them 
[“Trojan horse”]. 

Binding to the chemokine receptors causes a calcium flux and signal transduction via the tyrosine kinase 
PyK2; this facilitates viral interaction with lipid rafts in the host cell plasma membrane. In addition, binding 
to the CD4 induces a confirmational change in another viral protein, gp41. This protein exists as a coiled 
trimer on the virus membrane buried within the larger gp120 molecule, an arrangement that makes it very 
hard to get at with antibodies. When activated, the gp41 springs open like a harpoon projecting three 
peptide fusion domains into the lipid bilayer of the host cell. These are initially in an alpha helix confirmation, 
but during fusion they appear to undergo some form of chain reversal or jack-knifing resulting in the 
formation of a six helix bundle [now a new drug target site]. This is a rapid event taking only minutes, 
another advantage to avoid the antibody response. The cell lipid layer is opened up, allowing uncoating of 
the virus and introduction of the viral core into the cell. This generates the viral reverse transcriptase 
complex, which docks with cell actin microfilaments. All these various elements are collectively called the 
HIV preintegration complex [PIC]; they are quite large, about the size of a ribosome. The next step is rapid 
actin polymerization, capping and viral entry, and association of the PIC with F-actin. This in turn activates 
a molecule [cofilin] which helps transport the PIC to the nucleus [a process called “actin treadmilling”. 

It is thought that the PIC travels to the cell nucleus via microtubules [herpes and adenovirus are also 
known to use microtubules as a conduit]. Another enigma is the fact that the PIC is twice the size of the 
central aqueous channel in the nuclear pore, so how it enters the nucleus is unknown. Once there the 
reverse transcriptase turns the viral RNA into double-stranded viral DNA and this is then integrated into the 
host chromosome by the integrase working in concert with two host proteins [HMGI(Y) and BAF]. 

Integration can lead both to latent and active forms of infection. Nuclear factors including NFkB are 
activated, and may help drive transcription of the provirus. 
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The virus contains a transcriptional activator, tat, that interacts with several host nuclear proteins resulting 
in effective elongation. As a result more than a dozen HIV specific transcripts are generated. These encode 
the structural enzymatic accessory proteins and the viral RNA genome that are needed for the assembly of 
fully infectious virions. A key factor is Gag, which encodes the matrix, capsid, and nucleocapsid 
components; the virus hijacks the “endosomal sorting complex required for transport” system to make them. 
Nuclear export is mediated by viral Rev, which is a small shuttling protein containing a leucine-rich nuclear- 
export sequence. After binding to viral RNA, it interacts with host proteins [CRM1/exportin, RanGTP] which 
carry it from the nucleus. Virion assembly occurs in the cytoplasm and some data suggests it takes place in 
secretory vesicles destined for the plasma membrane. Viral proteins are produced as polyproteins, which 
are then sliced up by the viral protease into functional proteins. Once completed, viral particles bud out 
from cholesterol-rich microdomains within the cell membrane and are released from the cell. 

In this final stage of viral particle production, the virus uses p6, a peptide found in the viral Gag, which 
interacts with the cytoplasmic machinery [ESCRT, see above] which is normally involved in the delivery of 
proteins into the late endosomes and lysosomes. 

[In T cells, viral assembly takes place on the plasma membrane. In virally infected macrophages however 
much of this seems to take place on the membranes of intracellular compartments. New EM data suggests 
these are connected by very thin microchannels, although it is not know yet if these are wide enough for 
viral particles to travel through. Viruses may travel to other macrophages when these cells form syncytia, 
as well]. 

More recently the vif gene in HIV has also been figured out; it binds and derails a host protein CEM15 
which acts as an anti-viral factor. This, plus the fact that HIV avoids another inhibitor of viral replication, 
restriction factor-1, by binding instead to a cellular protein cyclophilin, helps explains why the virus is so 
successful. Another viral factor, Vpu, blocks the cell tetherin system allowing particle release. 

Immunity 

Why don’t we induce strong immunity to HIV? The answer is simple: the CD4 response is poor and it is 
specifically damaged during the early stages of the infection, and steadily depleted thereafter. As a result 
the CDS response, which seems to be okay initially, becomes sub-optimal, and eventually collapses along 
with the CD4 response. 

The size and composition of the CD4 population is regulated by balanced proliferation of progenitor cells 
and death of mature progeny. HIV disturbs this homeostasis and as a result CD4 cells are gradually 
depleted. This is not simply due to destruction of mature cells, but also involves perturbation of T cell 
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production which may ironically be mediated by the same homeostatic systems. Normal adults possess 
about 2x10^^ CD4 cells; this number has been cut in half in HIV patients with a score of 200 CD4 cells per 
ul. The ratio between naive and memory cells shifts in favor of the latter, and the size of the T cell 
repertoire diminishes. It has been estimated that each HIV infected CD4 cell produces enough virus to 
destroy at least twenty more. 


Causes of T cell destruction 


Direct mechanisms 

Envelope-mediated apoptosis 
Vpr induced G2 arrest and apoptosis 
Cell membrane disruption/syncytia formation 
Accumulation of unintegrated viral DNA 

Indirect 

Cytolysis by anti-viral CDS or NK cells 
Autoimmune reactions to damaged cells 
Adjacent cells get caught in syncytia 
Cross-linking of CD4 bound gp120 induces apoptosis 

Virus Induced prevention of T cell production 

Infection mediated death of progenitors 
Interference with hemopoiesis 

Indirect effects on production 

Cytokine network dysfunction 

Destruction of bone marrow by pathogens [M.avium] 

Malignancies induced [allowed] by immune deficiency 

Toxic effects of chemotherapy 

Vitamin deficiencies due to poor nutrition/absorption 
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It is now certain that dendritic macrophages are an important element in the pathogenesis of the disease. 
Dendritic cells harbor HIV but they may also be the key in driving the T cell response to the virus. In 2003 a 
report was published that monkey DCs loaded in vitro with the simian analog SIV dropped the virus load in 
monkeys infected with SIV and improved their CD4 numbers considerably. This hasn’t been done in 
humans yet, but getting cells out of a human and culturing out DCs is a very easy process and so this 
could theorectically work. 

Another report, which was rather sinister, showed that DCs concentrate or move HIV virions appearing on 
their surface to an area that is interacting with the CD4 T cell surface, including where the chemokine 
receptors are. Not smart. 

Recent data [2013] now suggests that if you make a good central memory T cell response this can be 
beneficial. Because HIV only slowly knocks off your CD4 response, in some cases this can be replenished 
to some degree by TCM. This might help explain the “elite controllers” who keep their HIV levels in the 
blood low and retain decent CD4 counts; in these guys the TCM down-regulate receptors HIV needs for 
entry. Only drawback, it seems TCM can themselves become reservoirs for the virus. 


The following figure from Nature Medicine is fairly old [2003], but it nicely sums up the roles of these cell 
populations. 
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Activated Resting (G,) Quiescent (Gq) 


Figure 3 Viral replication patterns in different host 
cells. In activated C04* T cells, viral replication is 
efficient and cytopathic. Subthreshold stimuli (such 
as cytokines) may be sufficient for the cell to enter 
but are insufficient for complete progression and 
activation of the cell cycle. Such cells support 
infection, but the extent of viral gene expression and 
virus production is reduced relative to activated 
cells. These cells decay more slowly in vivo relative 
to activated cells, perhaps because of reduced viral 
cytopathicity. In a quiescent (Gq) infected 004"^ T 
cell, proviruses are considered to be transcriptionally 
silent because Tat is rate limiting. The level of basal 
expression driven by cellular transcription factors 
may be dictated by the site of proviral integration. 
Because quiescent CD4'^ T cells are refractory to 
infection, proviruses are probably established before 
the cell becomes quiescent. In macrophages, a 
substantial amount of virus budding occurs at 
membranes of multivesicular bodies, which are 
cytoplasmic compartments enriched with MHC class 
II molecules (CD63'^). Virions in the multivesicular 
bodies may be released from the cell after fusion of 
the multivesicular bodies with the plasma membrane 
or, alternatively, may be degraded late in the 
endocytic route in the lysosome. DCs can be infected 
directly and can release virions at a low level. Virions 
attached to DC-SIGN can be degraded by 
endocytosis. Most virions are degraded in an acidic 
compartment. Some virions may escape degradation 
by entering a nonacidic compartment. Subsequently, 
the virus may initiate the infection of neighboring 
CD4* T cells in trans after the fusion of endosomes 
containing virus with the plasma membrane. 


A paradox that was solved in 2013 was exactly how HIV kills the T cell. For ages it was thought it was by 
apoptosis, triggered through caspase-3, but it turns out the key signal is caspase-1. This triggers a process 
called pyroptosis, in which the cell blows up and releases inflammatory signals, the idea being that this 
creates a “danger signal” so other immune cells turn up to take a look. Problem is, of course, this just gives 
the HIC a new home. 


Drugs 


HIV-positive people live longer, and their quality of life has been improved, due to a huge commitment by 
the BigPharm companies over the past 20 years. But the drugs are not a cure, they have side-effects, and 
they gradually induce emergence of drug-resistant virus. Because of their high cost, and difficulty in 
delivery, they are now only starting to be widely available in the developing world where HIV is spreading 
the fastest. 

The three viral enzymatic targets are reverse transcriptase, protease, and integrase, and by 2002 each of 
these had been targeted by drugs. 

Historically though, the most effective therapy for the HIV virus in the early days of the epidemic was AZT 
(3' azido 2' 3' dideoxythymidine). This drug is phosphorylated by the cell, then incorporated by the viral 
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reverse transcriptase into viral DNA. This jams viral replication because AZT lacks an hydroxyl group 
needed to plug on the next nucleotide (a form of chain termination). 

At the end of the first decade after the discovery of HIV [around 1993] only three drugs had made it to the 
market [AZT, ddl, and ddC], all aimed at reverse transcriptase. This changed in 1996 with the emergence 
of the protease inhibitors. Regimens of “highly active anti-viral therapy” [HAART] were found to drive HIV 
blood levels below detectability, and CD4 counts rebounded. Unfortunately, it was soon realized that the 
virus was merely hiding away, in a latent state, in T cells and macrophages. Moreover, protease inhibitors 
have some nasty side-effects including lipodystrophy, an abnormal distribution of body fat, and other 
problems include brittle bones and diabetes. 

The third viral enzyme, integrase, which mediates integration of the viral reverse transcripts into the host 
chromosome, has finally come under attack in the last few years, and is an attractive target as drug 
resistance for the other two enzymes climbs. 

Other targets are being considered as well. These include the zinc fingers of gag, the gene encoding the 
HIV core protein, and drugs have been found that inhibit virus infectivity. Also being tested recently are T- 
20 and T-1249, peptides that inhibit gp41-mediated HIV fusion to the host cell. Finally, as discussed before, 
the two chemokine receptors CCR5 and CXCR4 used by HIV to bind to T cells are being targeted with 
small inhibitory molecules. 

The development of drugs for HIV created the “hit early, hit hard” approach. However, side effects, coupled 
with the need to take a dozen or more drugs each day, induced “pill fatigue” amongst some patients, some 
of whom actually abandoned therapy. 

In fact, an important factor in HIV therapy seems to be related to how early drug therapy is started. If given 
very early, long term survival is excellent and AIDS deaths have plummeted in certain studies. Magic 
Johnson knew very quickly that he had done something very naughty, and got diagnosed and treated 
almost straight away. On the other hand, patients started on drugs who already had low CD4 counts, do 
not generally do very well. 

A new and interesting approach is called “structural treatment interruptions”. In these protocols, early 
diagnosed patients get therapy for 18 months but this is then halted. They are monitored for blood viral 
load and when this creeps back up, therapy is restarted. It is early days, but the periods between halting 
and restarting therapies seems to be lengthening, plus the immune response appears to strengthen 
[especially cytotoxic CDS cells]. There is a Catch-22 however, because recovering CD4 levels provide 
more targets for the virus. Another approach, being tried at NIH, is a “week on, week off” regimen. 
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Also called the “stop-start” therapy, the NIH method has monitored CDS responses in patients given 
periods of HAART intermixed with no therapy. This looks promising, but in one instance it was working well 
until the patient relapsed. It turned out he had a good CDS CTL response to the initial virus but had 
reverted to sexual activity and had caught a second viral variant that had multiple epitopes his recovering 
immunity did not recognize. 

The relationship between the pharmaceutical industry and HIV-positive people has never been cosy. In fact, 
because they were the worst affected by HIV, Western gay men used this as a buttress against fear and 
social stigma to force changes in drug research and public health. But in developing countries, access to 
such advances has been minimal; the previous total wanker who was President of South Africa [in 2008] 
didn’t even believe HIV was the cause [over here, Garry Null and other shits pushed the idea it was the 
drugs not the virus that caused the immune deficiency]. Big Pharma wants to protect its patent rights for 
new antivirals while people in Botswana want cheaper generic drugs as a simple human right. Even these 
generic drugs are too expensive for most of these people. In the US, insurance companies are running 
scared. If 20% of people in the US became HIV-positive, the health care system would completely collapse. 
In Botswana it is 50%. 


Approved anti-AIDS drugs 


Nucleoside reverse transcriptase inhibitors 

Abacavir 


Didanosine 


Lamivudine 


Stavudine 


Zalcitabine 


Zidovudine 


Stavudine 


Lamivudine 

Non-nucleoside RT inhibitors 

Efavirenz 


Delavirdine 


Nevirapine 

Protease inhibitors 

Amprenavir 


Indinavir 


Lopinavir 
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Nelfinavir 

Ritonavir 

Saquinavir 

[This is a bit old, I’m sure there are newer ones...., see Lou et al. Trends Pharmacol Studies 35, 86, 2014 
for a much more comprehensive one...]] 

As mentioned above, in addition to the reverse transcriptase and protease reaction, various other events in 
the HIV replicative cycle can be considered as potential targets for chemotherapeutic intervention: (i) viral 
adsorption, through binding to the viral envelope glycoprotein gp120 (polysulfates, polysulfonates, 
polycarboxylates, polyoxometalates, polynucleotides, and negatively charged albumins); (ii) viral entry, 
through blockade of the viral coreceptors CXCR4 (i.e., bicyclam (AMD3100) derivatives) and CCR5 (i.e., 
TAK-779 derivatives); (iii) virus-cell fusion, through binding to the viral envelope glycoprotein gp41 (T-20, T- 
1249); (iv) viral assembly and disassembly, through NCp7 zinc finger-targeted agents [2,2'- 
dithiobisbenzamides (DIBAs), azadicarbonamide (ADA)]; (v) proviral DNA integration, through integrase 
inhibitors such as 4-aryl-2,4-dioxobutanoic acid derivatives; (vi) viral mRNA transcription, through inhibitors 
of the transcription (transactivation) process (flavopiridol, fluoroquinolones). Also, various new NRTIs, 
NNRTIs, and Pis have been developed that possess, respectively: (i) improved metabolic characteristics 
(i.e., phosphoramidate and cyclosaligenyl pronucleotides by-passing the first phosphorylation step of the 
NRTIs), (ii) increased activity ["second" or "third" generation NNRTIs (i.e., TMC-125, DPC-083)] against 
those HIV strains that are resistant to the "first" generation NNRTIs, or (iii), as in the case of Pis, a different, 
modified peptidic (i.e., azapeptidic (atazanavir)) or non-peptidic scaffold (i.e., cyclic urea (mozenavir), 4- 
hydroxy-2-pyrone (tipranavir)). Non-peptidic Pis may be expected to inhibit HIV mutant strains that have 
become resistant to peptidomimetic Pis. 

One problem with all of this is that initial testing of therapies has been done in monkey models. The dose of 
SIV needed is much higher than what probably happens in humans exposed to HIV and hence there may 
be an underestimation of therapeutic value that has to be taken into account. In fact [2012] there is a 
growing worry that a lot of data we got from NHP infected with SIV doesn’t line up that well with what we 
now know about HIV [plus you have to remember that labs working on primate models have sucked a 
simply vast amount of cash out of the NIH budget]. 

An example of a fusion inhibitor is enfuvirtide. This is a linear 36 AA synthetic peptide that blocks the fusion 
component of gp41 preventing it binding the cell surface [it sits in the pocket formed by the trimer, 
preventing the formation of the six helix fusion bundle]. It has to be given by subcutaneous injection, and is 
expensive to make [$20k per patient per year]. Because of the inherent difficulty here, non-peptide 
molecules are being made, especially against the hydrophobic pockets and helices of the gp41 fusion 
complex. 
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In 2014 it was reported that a new drug [GCK744, an integrase inhibitor that is an analog of dolutegravir] 
could protect monkeys from an SIV/HIV hybrid using just a single shot of the drug, the effects of which 
lasted about three months. 

Vaccines 

Making a vaccine against HIV is proving very difficult, and things are generally quite miserable with various 
very large, very expensive trials giving negligible results. As discussed above HIV can hang around as a 
latent provirus for years. In addition, while HIV arose from a single transmission event from chimpanzees to 
humans, since then it has evolved into at least 12 genetic subgroups or clades. This doesn’t leave much 
hope for antibody responses, and so the majority of efforts are now directed towards cell mediated 
immunity. Furthermore, not only does HIV open you up to opportunistic infections, but it decreases the 
effectiveness of vaccinations, especially those depending on CD4 cells as the target. 

At the preclinical level, an early general approach had been to vaccinate monkeys and then challenge them 
with a pathogenic HIV/SIV [simian] hybrid virus. Vaccines tried included DNA vaccines, in the shape of 
naked DNA, or delivered in adenovirus or modified vaccinia virus; live viral vectors such as alphaviruses, 
rhabdoviruses, herpesviruses, and such, containing HIV genes; as well as prime-boost approaches in 
which DNA is given first, then the animal is boosted with protein. The latter is looking a better approach, 
since current data suggests that DNA vaccination by itself is not protective. 

There are also vaccine trials using viral protein subunit vaccines [gp120] that are ongoing, but so far these 
have not worked unfortunately, and most started several years ago before the importance of CDS T cell 
responses were realized [these vaccines induce such responses only poorly]. In fact, induction of strong 
CDS responses has emerged as a key “correlate of protection” for Phase I/ll clinical trials. Several new 
ones are ongoing, but even if successful, it is very unlikely that general distrubution will occur within the 
next decade. 


Possible approaches to vaccine development 


Type 

Advantages 

Disadvantages 

CTL-eliciting 

Recognize infected cells 

Multiple epitopes to target 

Stops virus production 

May affect latent reservoir? 

Requires active T memory cells 

Cannot see virus without MHC 

Virus down regulates MHC 

Antibody eliciting 

Virus neutralized 

Prevents new cell infection 

Hard to generate broadly neutralizing antibodies 

Evolution of resistant states 
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Activates inflammatory 

response 

Pathologic outcomes; infection may be enhanced 

Replicative 

defective 

Persistent antigen expression 

Induces both CMI and humoral 

Safety, inadvertent infection 

Enhanced replication because host 

immunodepressed 

Consequences of persistent immune stimulation 


Things are glum. The results of the very first Phase III trial conducted by VaxGen were announced in 2004. 
They showed no protective effect of the gp120 antigen in 5000 at-risk men. This caused considerable 
gloom, and asked whether a vaccine will ever be possible. More recently, a huge Merck trial suffered a 
similar fate; this vaccine consisted of a rAd5 [adenovirus-5] expressing gag/pol/nef, which was stopped due 
to fultility [yep, that’s the word they used]. Another trial with the same vaccine {Phambili trial] seemed to 
increase risk of HIV, which isn’t good. A different rAd5 was tried in 2009 [trial HVTN505], and here the deck 
was stacked by making sure the men were circumsized and had no antibodies to Ad5. Outcome....futility. 
Bottom line, bye bye Adeno vaccines. 

Not much better, but not awful either, a separate trial RV144] in 16,000 volunteers in Thailand tried priming 
with an HIV/avian canarypox virus construct followed by two doses of gp120 from two different HIV 
subtypes. Efficacy was 31%, which is a start I suppose. When these patients were analyzed they were 
making higher levels of antibodies for epitopes in the second and third loops of gp120, which correlated 
with reduced risk of infection. This is important, because it suggests that “conventional” antibodies, while 
less potent, can be protective, and not just the “broadly neutralizing antibodies” the field is mainly focusing 
on at the moment. 

Antibodies that can actually neutralize HIV, “broadly neutralizing antibodies [BNAbs]” are the current Holy 
Grail of HIV research. Problem is, the way our immune system is set up these are rare, plus even when 
they appear in HIV positive people they can take years to appear. But, when they are made they can be 
effective. They can bind the CD4 binding site on gp120 via a deeply recessed epitope that they can reach 
due to an exceptionally long CDR3 loop [24-37 AA long compared to ~15 in most antibodies]. A second 
binds a complex polymannose epitope in the glycan-rich region, again unusual. The third binds a spike on 
CD41 that remains hidden until the virus tries to invade CD4 cells. In addition, a lot of antibodies bind 
epitopes open on shed gpl 20 but which lie hidden in the gpl 20 trimeric complex in the intact virus. This 
also contains glycosylated asparagine residues that can be targeted by antibodies but which change during 
viral mutation. Last of all, and the most strange, BNAbs can have polyreactivity [indicating somatic 
hypermutation?], meaning they can bind multiple epitopes. No, I don’t follow this either... 
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Why is this all so difficult to solve? Well, first, our own natural immune response is very ineffective. We 
make strong antibody responses and CDS responses but still we die. The virus generates genetic variants, 
it escapes antibody-mediated neutralization, it has a gene product [nef] that downregulates MHC molecules, 
and it kills off CD4 cells. 

There is huge heterogeneity amongst isolates, with multiple recognizable families or clades. This creates 
enormous difficulty in designing an effective vaccine, and the first Phase III trial probably failed for this 
reason. 

What would be very useful is a neutralizing antibody, but as discussed above this has multiple problems. 
The viral envelope is heavily glycosylated; molecules that are poorly immunogenic. The key molecules 
gp120 and gp41 are key targets, but there are spatial problems in getting antibodies to bind them. The 
gp120 binds CD4 via a deep recess, and some human monoclonal antibodies [especially b12] can block 
this. When a crystal of b12 was made it was discovered that it has an unusually long CDR3 loop that sticks 
way out and access the deep recess, blocking gp120. Another antibody that binds oligomannose 
molecules is equally strange in that its two variable regions stick out in front of it, rather than the 
conventional “Y” shape. Part of the gp120 sticks out, the V3 loop, but sometimes antibodies work and 
sometimes they don’t. Viral gp120 binds chemokine receptors on the cell surface, but antibodies cannot get 
at this for spatial reasons. The gp41 is highly conserved, but hard to get at because it is coiled up, and 
when it is triggered it is exposed for too short a time to neutralize it. 

There are other viral “escape” strategies as well. After exposure to HIV the first appearance of neutralizing 
antibodies is evident 50-60 days later. Unfortunately the virus undergoes mutations that allows the 
emergence of resistant virions that cannot be neutralized by these antibodies. One such mutation occurs in 
the envgene and the outcome appears to be changes in N-linked glycosylation in the virus coat. In fact the 
virion envelope has a high density of glycosylation, leading people to believe that the virus is wrapping 
itself in some sort of “glycan shield”. This is a bit of a twist on an earlier idea, that held that the 
glycosylation was so similar to humans that no antibodies were in fact made [“silent face” hypothesis]. 


Starting around 2011, the idea of “Structure based rational design” began to get some momentum. The 
idea here is to use structural information, particularly regarding the “HIV spike”, to make highly neutralizing 
monoclonal antibodies, using as a starting point the natural antibodies patients have made that are 
reasonably good at this. Obviously, in the near future at least, this could provide antibody that could be 
given via passive transfer, but down the road such information might lead to better vaccines. 
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As examples, in 2011 Bjorkman’s team made a single amino acid substitution in the CDR region H2 of a 
neutralizing antibody and this increased binding to the gp120 bridging sheet by a factor of ten fold. More 
recently, antibodies have been engineered that penetrate the viral glycans using extended anionic loops, 
resulting in improved neutralization. Bit by bit, we are chipping away. 

A brand new idea [2013] has arisen from the knowledge that kids given the oral polio live vaccine can shed 
the vaccine, thus resulting in “transmissible immunization”. Could we do the same thing with HIV? 

The idea here is “transmissible gene therapies” or TIPs. TIPs are minimal versions of a given pathogen that 
lacks virulence/replication genes, complemented instead with therapeutic elements, potent immunogens, 
and such forth. For HIV, you would make a lentivirus that lacks all the structural and envelope genes 
needed to replicate, but lack the genomic packaging systems possessed by HIV. Then, if the TIP tries to 
escape infected cells it would need to co-opt the HIV capsid and envelop gene products, thus parasitizing 
these away from regular HIV. These TIPs could also be shed, particularly by “infectious superspreaders” 
[promiscuous people, prostitutes, etc] who make up 80% of disease transmission. 

The latent HIV reservoir. 

Quite simply, whatever great advances are made in terms of new drugs or vaccines inducing new 
neutralizing antibodies, HIV will never be completely cured without us finding ways to eliminate the latent 
reservoir of the virus - which exists as provirus integrated into the host cell DNA, most predominantly in 
central memory [and perhaps stem cell-like] memory CD4 T cells. For this reason, ART must be given for 
the lifetime [in itself probably unsustainable]. It is not known what sustains this reservoir, but it almost 
certainly underlies occasional small bursts of viremia even in patients in which the viral load is usually well 
suppressed, and may reflect periodic bursts of replication by the carrier CD4 cell. One clever way the virus 
may do this is by integrating into and thereby disrupting genes that overwise control this, like the 
transcription factor BACH2. 


South Africa today. 

When Mandela took over, everyone thought this was a sign for the better. Problem was, he retired and 
Mbeki took over. Mbeki then instructed his health minister, Tshabalala-Msimang, to downplay the HIV-TB 
connection, who did so by recommending people take lemons, beetroots, and garlic instead of anti-HIV 
drugs. 

South Africa has 5.7MM HIV-positive people, the highest TB [per capita] and a growing number of MDR 
cases [the most after Russia]. Because of Mbeki, the HIV rate exploded, and while TB rates for a while had 
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stabilized [WHO had started their DOTS program], together this was an explosive mix. One study suggests 
that if Mbeki had actually done something, 300,000 deaths would have been avoided. 

And then of course we had Tugela Ferry. At a well run Church of Scotland hospital north west of Durban, 
53 people had XDR, and died with a median of just 16 days. Most had HIV. [There are now 650,000-plus 
MDR cases worldwide this year, maybe 9-10% are XDR]. 

As a nice iittie earner on the side Mbeki also developed a drug, Virodene, which was actually 
dimethylformamide [some sort of industrial solvent] which he sold to AIDS patients. Here’s a word that 
comes to mind....scumbag. 

Mbeki is now departed, replaced by the sane President Zuma. MDR is being identified much faster due to 
new PCR technology, and the number of people getting proper ARV treatment has doubled. 

Where do we go from here? 

In simple terms, we need better drugs, and some sort of miraculous breakthrough in terms of new vaccine 
development. Priorities should be.... 

1. Discovery of drugs with increased potency, decreased toxicity, and activity against resistant forms 
of virus 

2. The elimination of virus from poorly accessible tissue compartments and latent cellular reservoirs 

3. The induction of virus specific immunity to augment therapy 

4. Identification of regimens useful in regions where epidemic is most severe 


/ found this nice statement about the “Endgame” .The sixth century plague presaged the rise of 

Christianity in Europe and Islam in the Near East by freeing them from the yoke of Rome. The 
Conquistadors introduced smallpox to the Aztecs and then used this to prove that Christianity was more 
powerful than Quetzalcoatl. [Native Americans, faced with both smallpox and influenza, probably felt 
exploited in the same way]. Syphilis drove the Reformation, and forced the Tokugawa Shogunate to close 
the Japanese borders for 300 years. What will HIV do? 
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29^'^ Where did HIV come from? 


[Much of what follows are my notes from a book - The origin of AIDS, by Jaques Pepin. If you are going 
into the Public Health fields, this is a must-read]. 

HIV originated in the Congo region [probably somewhere in the Congo/Cameroon border area] of Central 
Africa. This is the second largest country in Africa; from 1971 to 1999 the country was called “Zaire”, and 
since then the Democratic Republic of the Congo. 

From 1908 to 1960 the country was called the Belgium Congo. It was first explored by Sir Henry Morton 
Stanley, who undertook his explorations under the sponsorship of King Leopold II of Belgium. Stanley is 
famous, at least in Britain, for his legendary hunt for the Scottish missionary and explorer David Livingstone, 
who was known to be in Africa but had not been heard from for some time; Stanley found him on 10 
November 1871, in Ujiji near Lake Tanganyika in present-day Tanzania, and may have greeted him with 
the now-famous, "Doctor Livingstone, I presume?" 

Stanley’s reports on the region interested King Leopold, who saw the potential of the Congo as a colony. In 
a succession of negotiations, Leopold - professing humanitarian objectives in his capacity as chairman of 
the front organization Association Internationaie Africaine - formally acquired rights to the Congo territory 
at the Conference of Berlin in 1885 and made the land his private property and named it the Congo Free 
State. 

Leopold's regime began various infrastructure projects, such as construction of the railway that ran from 
Pointe Noire on the coast to the capital of Leopoldville (now Kinshasa). It took years to complete. Nearly all 
such projects were aimed at increasing the financial capital which Leopold and his associates could extract 
from the colony, leading to the wholesale exploitation of the local Africans, especially in terms of the 
production and export of rubber, as well as cotton and coffee. Moreover, the country was rich in copper, tin, 
zinc, gold, uranium, ivory, and diamonds. 

A French physician, Leon Pales, reported on conditions on the Chemin de Fer Congo-Ocean, an ambitious 
railroad project started in 1921 and finished in 1934 that connected Leopoldville [Kinshasa] to the ocean at 
Pointe-Noire 511 Km to the West. Food and other supplies at the two ends were available, but the middle 
bit, through the dense Mayombe rainforest, was a trainwreck [sorry]. The result was a lot of people from 
different ethnic backgrounds forced to live together in extremely squalid conditions. 

As Pales noted, mortality among the workers, most of whom were slaves, was very high. Shigella was the 
main problem, but many other diseases also contributed. This all got back to France, causing a big scandal. 
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As a result efforts were made to improve conditions, and increase wages. In addition, women were allowed 
to stay at the camps, and as a consequence the rate of STDs soared. On pay day, most of the workers’ 
money went to paying off debts to the local sex workers incurred over the previous weeks. It might have 
been here, therefore, that spread of the SIVcpz virus, contracted originally by somebody who had been 
exposed to chimp blood and destined to become the HIV virus, first began. 

In fact. Pales described a new condition amongst the workers, which he called Cachexie du Mayombe, so 
named because of the extreme weight loss he observed. They were eating normal amounts, and did not 
have Shigella or evidence of parasites, yet they became bags of bones. Were these the first AIDS 
patients? 

There was also TB in the camps. Europeans had introduced TB to the region, which had blossomed in 
19thC Europe where as a result of the industrial revolution many poor people headed to the big cities 
where they lived in unhealthy and crowded conditions. 

The incidence of TB itself is interesting. TB was creeping up in the 1930’s in Africa, but then again so was 
the general population. In the 1950’s the rate began to shoot up. There are lots of possible explanations for 
this, but the spread of HIV could well be one of them. 

Present day epidemiologists have of course searched for early cases, but this is very difficult. Hospitals in 
Kinshasa had reported cases from 1970 and earlier that could have been AIDS, but nobody was sure. 
Somebody with symptoms of fever and wasting turning up at a bush hospital would probably have been 
suspected of typhoid fever, or perhaps TB, not some new virus. As often as not the patient would return 
home to die, with death being recorded as TB or cancer maybe. Of course, today, we know that TB is by a 
mile the most prevalent “opportunistic disease” in HIV-positive people in Africa. 

Although the colonization of the Belgium Congo was classic imperialism, the country did significantly 
benefit. While much of the country’s riches were headed to Antwerp and Brussels, there was substantial 
investment in local infrastructure. A huge rail system was built which by the 1940’s was carrying ~1MM 
people per year [which probably helped spread the type M HIV-1 subtype out to Mbuji-Mayi and 
Lubumbashi], as were roads and hydroelectric dams. Hospitals and primary schools were set up. Air 
transportation to Europe began as early as 1936. Materialism began to appear. Leopoldville, and 
Brazzaville across the lake [in the separate Congo], began to grow tremendously in size. Problem was, 
there were very few females; this was restricted on “moral grounds” to dissuade prostitution. 
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After the WWII however, things changed. Both cities became party towns, full of beer bars, dancing to the 
rumba, and with a big influx in females. By 1958 10% of the 60,000 women in Leopoldville were sex 
workers, or 50 workers per 1000 men. 

One would think the introduction of prostitution over those years would explode the HIV epidemic, but it did 
not. Starting in the 1930’s, as conditions in the Belgium Congo improved, prostitution was rife, but it was 
not the “five tricks a night” variety that has caused such mayhem more recently in places like Nairobi. 
Instead, it tended to be more of a sugar-daddy type [“put me through college and you get it twice a week 
Pretty Woman type”]. In such arrangements, the woman would only have 2 or 3 clients, and as well as sex 
provide companionship, and help with the cooking and the laundry. Thus, even though there were men 
there carrying SIVcpz, because of these near-monogamous relationships the frequency of spread of the 
virus was at that time at least very close to zero. Nor were such arrangements considered scandalous, 
since they harkened back to earlier African societies; for instance in polygamous societies it was perfectly 
okay for the husband to loan off a wife to a friend as a gift or to pay off a debt. In fact, as soon as the 
Belgians themselves arrived in the late 1800s they took local “wives”, usually on a rental basis. 

And this was lucrative. Some of these “free women” opened up bars with the money, and they even formed 
mutual aid associations. By 1940 the local officials required that prostitutes were registered, and had health 
exams, and in WWII even directly authorized brothels to cater for troops being sent to the front in Libya. 
Once WWII was over, all this became illegal again, but nobody cared. By 1960 this transformed into 
“flamingo bars” where you ostensively went for a beer, but to also find a woman for the evening. Soon after 
however, the region underwent great turmoil and social change, and there was a gradual move from low- 
risk prostitution to multiple-partner high frequency sex, and now the HIV epidemic [silently at first] probably 
really began to take off. 

We got HIV from the central African chimpanzee Pan troglodytes trogdolytes. Chimps don’t like to swim, so 
the great rivers of the region such as the Sangha and Congo rivers kept this species landlocked so to 
speak in the Central region of Africa between the Cameroon and Angola to the south. We now know that 
these animals harbored an SIV most closely related to the group M family of HIV-1, the family responsible 
for our current pandemic epidemic. 

Chimps are highly promiscuous, and when a female comes into heat her vulva swells and attracts males 
[often several] with whom she repeated copulates, obviously a good way to transmit viruses in the troop. 

In 1989 the first demonstration of an SIV virus came from a captive chimp that had been kept in a primate 
center in Gabon. Another was found in a chimp from Zaire someone tried to import into Belguim. Another, 
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in 1999, was found in an American primate center where she was used as a breeding female. She was 
seropositive for HIV, but had never been used in HIV experiments. 


These SIVs may have originally arisen from recombination of viruses from other smaller monkeys such as 
mangabeys, which chimps are known to kill and eat. At some point, perhaps a few hundred years earlier, 
SIVcpz arose from all of this. 

If the SIVcpz first jumped to humans in the Belgium Congo around 1920-1930, as molecular epidemiology 
seems to suggest, how did this happen? Chimps are actually very hard to hunt and catch, but in 1927 the 
Belguim Congo relaxed the then very stringent rules on firearms, and this tilted the balance. Permits were 
needed and you had to pay a tax on each animal you shot, but shooting a chimp for food was less 
expensive and time consuming than farming. Often as not the animal was dressed in the bush, and cut into 
pieces to transport, so here maybe somebody got cut and exposed to chimp blood, contracting SIV. 

So you kill a chimp, but get cut yourself when cutting up the meat, exposing yourself to what eventually 
became the HIV virus. You decide to head off to Leopoldville for some fun, but one of the rules you have to 
follow is that to enter the city legally you need to take a test for syphilis. The Dispensaire Antivenerien in 
town will be happy to do this for you. It’s just a simple serology test; if you are positive we’ll give you a pill 
for it. No, we don’t change our needles and syringes. Why would we? 

Did this happen? It certainly did with another virus, HBV, causing an outbreak in 1952. Did this spread HIV 
into the “free women” we talked about above, who took these tests periodically? 

Then things went haywire. In the 1950’s a post office clerk, Patrice Lumumba, got imprisoned for dipping 
into the till. In prison he started to develop a hatred of the Belgium rule of his country [probably not the first]. 
After getting sprung, he formed the Mouvement Nationale des Congolais [MNC] Party, and made himself 
President. He then sold beer all over the capital, and it is said that the persuasive skills this gave him made 
him an effective speaker and politician. Although briefly imprisoned again, the MNC won the 1960 elections 
[“the only free and fair elections held [there] in the entire 20thC”]. He became Prime Minister. At the 
accession ceremony the Belgium King Baudouin said some nice things, as did the President [Kasavubu] 
but PM Lumumba gave the usual “victorious freedom fighter, power to the people” speech we now expect 
African leaders to descend into. Admittedly he had a point, the Belgians were racist, exploitative, torturing 
bastards. 

Not smart. Just about everything important in the Congo, including the Army, was run by the Belgians. 
Lumumba sacked the Army General, Janssens, replacing him with a local boy Joseph Mobutu, but by then 
the army had splintered along tribal lines. There were further sporadic riots, and a few Belgians were killed, 
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and Belgian women raped. Many fled across the river to Brazzaville. Belgian paratroopers flew in, 
unamused. 

Within a couple of weeks the whole thing descended into farce. The Belgians under the new Lumumba 
government all decided en masse to visit their sick mothers in Belgium. Lumumba then asked the UN, then 
run by the extremely capable Dag Hammarskjold, a Swedish diplomat, for help. He sent about 8,000 UN 
troops, but almost straight away Lumumba suspected that Hammarskjold was under great pressure from 
the Belgians. He went himself to the UN but the US government would not meet with him, so he turned to 
the Soviets. They joyfully agreed, and sent planes and advisers, and his fate was sealed. The CIA and 
Belgians lined up, and he was toast. In Sept 1960, Kasavubu took over, pushing Lumumba out [despite the 
fact that their Constitution did not allow this], and making a lackey, Tshombe, Prime Minister. The Army guy, 
Mobutu, then muscled in [with CIA help]. Lumumba dun a runner and tried to set up his own government 
[with Soviet help], but shortly after he was captured. His execution was ordered from Brussels, and there is 
evidence that Tshombe and two other ministers were present when four Belgian officers lined Lumumba 
and two other comrades from the government, Maurice Mpolo and Joseph Okito, up against a tree and 
shot them one at a time. To hide the fact, the Belgians cut up his body and dissolved it in acid. 

In response to the general turmoil UN Director Dag Hammarskjold, who was in Rhodesia [now the very sad 
Zimbabwe] at the time, flew up to the Congo to intervene. On the night of Sept 1961 his plane blew up 
in mid-air and crashed. When the bodies were recovered, two of his Swedish body guards were found to 
have multiple bullet wounds. There is some suggestion that Hammarskjold’s body was thrown clear; a 
witness said he had a bullet-hole in his forehead, but this was allegedly airbrushed out in subsequent 
photos. More recently. Archbishop Tutu has said he had information that the CIA and MI6 had assassins 
on board. Why? On the instruction of the Belgians to protect the highly lucrative copper industry an 
unstable Lumumba government would jeopardize. 

[In 2015 the UN stated that they might look at this incident again. While the official conclusion was pilot 
error. President Truman was quoted as saying “Hammarskjold was on the point of getting something done 
when they killed him”. Note the last three words. Certain radio transmission at the time overheard 
somebody say “The Americans shot it down”. A further theory is that a Beguim Airforce pilot shot it down 
for behaving suspiciously]. 

The end result? Leopardville went to hell, the economy disintegrated, unemployment skyrocketed, as did 
both poverty and prostitution. The stage was set for HIV to explode. 

[One could argue, given what happened subsequently, that the CIA caused the AIDS epidemic in America]. 
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[Mobutu behaved himself for a few years, but then took control and established a dictatorship [the word 
kleptocracy emerged as a result, bleed the country dry and stick all the cash in the Swiss banks]. He kept 
his decaying nation in order by brutality and murdering anybody who remotely threatened his rule. He kept 
multiple palaces, and when his family wanted to go shopping in Paris he rented a Concorde. Ironically, his 
son and probably successor himself died of AIDS. By 1980 the purchasing power of the average [now] 
Zairean was 6% of what it had been in 1960. Good job, Joe. 

In 1997, Mobutu’s neighbors had had enough. The local Tutsi tribes joined forces with Ugandan and 
Rwandan troops and marched on Kinshasa. Mobutu immediately fled to Togo, then Morocco, where he 
died that September]. 

Returning to our story, at this point most Belgians got the hell out, leaving an administrative vacuum. The 
UN stepped up, sending civilian technicians skilled in all sorts of things. A large number of these were 
intellectuals from Haiti. These people were not doing well under the dictator Francois Duvalier [Papa Doc] 
and were happy to go somewhere else, plus they were black, French-speaking, and smart. As a result, the 
educational levels in the Congo jumped up considerably. 

Many though, left their wives home. It probably only took one or a few of them to pick up HIV and take it 
back to Haiti. One of the main subtypes in Kinshasa as early as 1944 was “type B”, and this was the one 
that jumped to Haiti [probably around 1964], before becoming the most geographically dispersed subtye 
worldwide. 

In the early 80’s things had deteriorated so badly in Haiti many tried to escape by boat to Florida. As a 
result, even before the HIV epidemic hit there was anti-Haitian sentiment, followed by direct discrimination 
- Haitians living in Florida lost their jobs, their kids were threatened, etc. One result of this was the 
emergence of the idea that HIV first reached the US via gay Americans who got the virus in Haiti. In fact 
the Spartacus gay travel guide spoke glowingly about Port-au-Prince as the place to go. One visitor was 
the Canada Airlines flight attendant once identified as ‘patient zero” once the epidemic took off. [Gaetan 
Dugas was a highly promiscuous man, claiming over 2000 encounters. He also fell into the category “I’ve 
got it and I’m going to take as many of you with me as I can”. People are now pretty certain HIV arrived 
from Haiti around 1969, so this destroys the idea Dugan started it. He died in Quebec in 1984] 

By this time Cuba was off limits, and so not only did gay men go to Haiti for fun/sex, so for that matter did 
women, having a little fun with the cabana boys, and heterosexual men attracted to “barely legal” young 
girls. 
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Around 1978 the first cases of what would become known as AIDS appeared in Haiti. This data is actually 
based on the appearances of cases of the skin lesions called Kaposi’s sarcoma. Given the incubation 
period this suggests HIV got a foothold in Haiti around 1970. Maybe just a single person brought HIV from 
the Congo to Haiti and thus to the USA. 

However, while we generally think of HIV in Africa as spread by promiscuity and prostitution, as well as into 
Haiti and then the USA and Europe, Pepin has suggested another possible route as well. 

While the Rev Falwell attributed AIDS to men doing naughty things to other mens’ bottoms, the Ryan White 
incident told us the actual truth - this was a blood borne disease. Ryan got the HIV disease from a blood 
transfusion, i.e. from unscreened blood, and at the same time it quickly came clear that the rapid spread of 
HIV in US drug addicts came from sharing needles, in other words “parenteral amplification”. 

Spread amongst drug addicts is of course very well documented. We also mentioned the Romanian 
tragedy. Soon after Ceausescu had been put against a wall and shot, over a thousand cases of HIV were 
found in children, 94% of them four years old or less. Most of the birth mothers were negative. 

As we saw, the idea was to strengthen kids in orphanages. One unit of blood was too much for a single 
small kid so this was split three/four times, and nobody bothered to change the needles. 

A similar incident occurred in Benghazi, Libya, in the late 90’s. Five missionary Bulgarian nurses and a 
Palestinian doctor got stitched up for this and given the death penalty. What really happened is unclear, 
certainly the virus had been spread before the foreign workers had even arrived, but Gadhafi’s regime had 
decided that the CIA were behind it all. In October 2011 Gadhafi was trapped by rebel forces and shot 
dead in a drainage ditch. 

Pepin in his book points out that at this time Haiti was also an epicenter of the “blood trade”. Red blood 
cells are used for obvious reasons, but plasma also is highly valuable to support the blood pressure by 
pumping up the vascular volume. 

As we know, before we knew about HIV specifically, we knew it was transmitted by blood. And poor people 
are more than happy to donate, because in many countries they get paid to do so, Haiti included. 

In 1971-72, a huge plasmapheresis center was operated in Port-au-Prince by Luckner Cambronne, 
underwritten by businessmen in Miami. Papa Doc loved Cambronne, and he rose through the ranks from 
bagman to chief muscle, running the Tontons Macoutes, Doc’s private militia. He controlled major 
ministries, and he had this knack of getting rich businessman to contribute to Papa Doc’s bank balances [if 
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they didn’t, he killed them]. He controlled Air Haiti, travel agencies, and even offices that could give 
Americans Quickie divorces. He sold corpses [some of which he was responsible for] to US Medical 
Schools. 

His plasmaphoresis company sold 6000 liters of plasma to the US each month [as a result he was called 
the Vampire of the Caribbean]. Donors were mostly very poor impoverished people. The frozen plasma 
was stuck on Air Haiti and taken to the US, where it was sold to US companies including Dow Chemical. 

In 1971 Francois died and “Baby Doc” took over. With Papa out of the way others in the Duvalier family 
decided to settle scores and things got sticky for Cambronne. He dun a runner to Florida, where he died in 
2006. 

The official line is that HIV did not get to the US via the vast ocean of plasma Cambronne’s company sent 
up in Haiti, but since we didn’t screen until the 80’s, and this plasma came up in the 70’s, and the 
incubation period of AIDS can be 10-years or more, you do the math.... 

Since HIV cases in Europe are type-B, the virus jumped from the US to them; they then took it to Thailand 
[a favorite vacation spot for sex travelers, especially Germans]. In India, now another focus of high HIV 
spread, it is type-C, suggesting it got there from Africa [makes sense, lots of Indians in South Africa]. 
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30. A VERY BRIEF DISCOURSE ON VETERINARY IMMUNOLOGY 


1. PASSIVE TRANSFER OF ANTIBODY TO THE NEWBORN. 

Whether or not the developing fetus receives maternal antibody depends upon the species of animal, and 
the type of placental structure it possesses. In humans, rats, and mice, the placenta is hemochorial which 
allows the passage of IgG molecules into the fetal blood circulation. Thus in these animals about 90% of 
needed antibody is obtained in utero, and only 10% from colostrum following birth. 

In dogs and cats the placenta is endotheliochorial, which allows a small amount of antibody transfer (about 
5%), so that 95% of antibody must be obtained from colostrum. In the horse, cow, sheep, and pig, however, 
the placental type is epitheliochorial (there are slight differences between species within this definition) 
which allows no transfer of maternal antibody in utero, thus making passive transfer via colostrum of vital 
importance to the survival of the neonate. 

In these latter animals the antibody transferred in the colostrum is primarily IgG (usually IgGI sub-isotype), 
as opposed to humans, dogs and cats, in which IgA predominates. The IgG probably reaches the 
colostrum by an active method of transudation from the serum; moreover, it tends to be transitory (in cows, 
the IgGI concentration in colostrum drops 90% by 48 hours of lactation). 

The transfer of antibody and its absorption through the gut is usually a very efficient mechanism. Included 
in the colostrum will be peptide fragments which are also absorbed and which are excreted by the kidneys 
giving rise to a transient proteinuria. 

There are several reasons why antibody is not transferred to the neonate, collectively called failure of 
passive transfer {FPJ). If untreated the inevitable consequence is death, usually from gut infections such 
as E.coli, or respiratory infections. Even in actively suckling animals FPT can occur if absorption is 
inefficient; indeed, several studies have shown a direct relationship between the degree of antibody 
absorption and subsequent mortality. 

Collectively, causal factors include the age of the calf upon suckling (if late the IgG concentration in the 
colostrum may have fallen; alternatively the dam may have lactated early); how much antibody is actually 
absorbed during suckling; and minor factors such as a "weak" neonate, or maternal rejection. 

Evidence for FPT is easily achieved by monitoring antibody levels in the neonate; a field "zinc sulfate" test 
(see above) can give a reasonable approximation of antibody levels, as can refractometry of serum to 
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observe lower total serum protein. In cows, administration of colostrum is indicated; if not available normal 
plasma (20ml plasma/kg) can be given. 

Similar therapy is given to foals, in which FPT is a major cause of infection and death, and hence economic 
loss. This can be reduced by good management practices. 

2. GAMMOPATHIES. 

Multiple myeloma is a rare condition seen in dogs, cats, horses and cattle, caused by malignant division of 
B lymphocytes.These cells secrete copious amounts of antibody, or fragments thereof. 

The condition can be diagnosed by the presence of a monoclonal spike on an electrophoresis strip. The 
clinical picture is often diverse, including weakness, lethargy*, bleeding, and susceptibility to infection. 
Clonally expanding plasma cells may become established in the bone marrow causing leukopenia, and 
disrupting stem cell activity leading to normocytic anemia. Multifocal bone lysis may occur, causing 
lameness, and elevating serum [Ca2+]. 

[* about the way you will feel in mid-November.] 

The antibody produced by the myeloma cells (particularly if it happens to be IgM) can increase serum 
viscosity leading to tissue hypoxia, cardiac problems, and CNS problems such as dementia or depression. 
Secreted light chains can accumulate as protein casts in the nephron, leading to decreased renal function 
and proteinuria. 

Treatment includes prednisone to reduce plasma globulin levels, and plasmapheresis to reduce plasma 
viscosity. In addition, antibiotics should be given to guard against infection. 

Waldenstrom's macroglobulinemia is a monoclonal IgM gammopathy in dogs. The spleen and lymph nodes 
are enlarged, and there is a monoclonal spike on electrophoresis. No osteolysis occurs; light chains are 
only seen in urine in about 25% of cases. 

3. BLOOD DISORDERS. 

Autoimmune hemolytic anemia affects dogs, cats, horses and cattle. Certain dog breeds, such as poodle, 
spaniel, and English sheepdog, are especially susceptible to this disease. The disease is more prevalent in 
females, and with increasing age. Autoantibodies are generated against host erythrocytes, leading to their 
destruction. Mortality occurs in 30-50% of cases. 
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Symptoms include pallor, weakness, lethargy, and exercise intolerance. The PVC is reduced, and immatire 
(nucleated) erythrocytes and spherocytes (small, often damaged erythrocytes) can be seen. Diagnosis is 
by the direct agglutination Coombs test (DAT). 

Neonatal isoerythrolysis is seen in 1% of thoroughbred foals, and also in dogs, cats, pigs and cattle. It is 
mediated by the transmission of antibodies from the dam to the foal that react with red blood cell antigens 
inherited by the foal from the sire. Transmission occurs via colostrum, as we just saw above. The key 
target antigens are the Aa, Ca, Qa, and Ac blood groups. Like Rhesus in humans, the dam is sensitized as 
a result of fetal erythrocyte leakage during a previous parturition. Clinical signs appear in the foal a fewdays 
after birth. Disease can be preventing by checking the dam for antibody to the blood group of the sire; if 
reactive, the foal can be foster-fed. 

3. ENDOCRINE DISORDERS. 

Lymphocytic thyroiditis is the cause of about 50% of thyroid diseases in the dog. There is substantial 
lymphocytic infiltration of the gland and the formation of large amounts of anti-thyroid autoantibody, leading 
to the symptoms of hypothyroidism. These include lethargy, fatigue, weight gain, intolerance to cold, 
infertility, myxedema, alopecia, droopy eyelids, head tilt, and retinopathy. 

The disease is diagnosed by measuring thyroid hormone levels in serum, and by showing the presence of 
autoantibody in a biopsy of thyroid tissue using immunofluorescence. 

Spontaneous autoimmune thyroiditis in the chicken was mentioned above; it is widely used as a research 
tool, and is the topic of one of the better jokes in these notes. 

4. DERMATOLOGIC DISORDERS. 

Pemphigus is an autoimmune disease of dogs and cats, accounting for 3% of dermatopathies. The target 
antigen is a glycoprotein on the surface of keratinocytes. As a result of antibody binding a local 
inflammatory response causes blistering, which may ulcerate and become infected. In addition to multifocal 
lesions in the skin and mucous membranes, 90% of patients have oral lesions. Septicemia is a potentially 
serious complication. 

Immunofluorescence reveals the presence of autoantibody in skin tissue biopsies. The binding pattern has 
a characteristic "chicken-wire" pattern. 
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Bullous pemphigoid is a similar disease in which the basement membrane between the dermis and 
epidermis is the target. Again, blistering and ulceration occur. Uniform staining of the basement membrane 
is seen by immunofluorescence. 

5. NEUROMUSCULAR DISORDERS. 

Myasthenia gravis affects dogs and cats, in addition to man. In dogs, two forms of disease are recognized,; 
in the first, the animal lacks sufficient acetylcholine receptors, in the second, the receptors are blocked by 
autoantibody. 

The disease is often seen in dogs at about two years of age; the first symptoms are episodic 
neuromuscular weakness that is exaccerbated by exercise. Additional signs are sagging faces, difficulty in 
swallowing, and dysphonia. Megaesophagus can occur, leading to aspiration pneumonia. Muscle enzyme 
levels are normal; distinguishing them from elevated levels in polymyositis. 

Polymyositis is a rare inflammatory disease seen in the German Shepard. Myasthenia and weakness are 
seen, but are unaffected by exrecise. Eosinophil levels, and muscle enzymes, are raised. There is necrosis, 
vacuolation, and hyalinization of muscle fibers, as well as lymphocytic infiltration. The etiology is unknown. 

6. RENAL DISORDERS. 

Glomerulonephritis resulting from the deposition of immune complexes in the kidney is caused by many 
diseases, including systemic lupus, bacterial endocarditis, leishmaniasis, brucellosis in dogs, FLV in cats, 
viral diarrhea in cattle, infectious anemia in horses, and swine fever. 

Very large complexes of antibody and antigen are soluble in serum and become trapped between 
podocytes in the nephron, leading to complement activation and local tissue destruction. The formation of 
such complexes occur when (a) there is a moderate or weak antibody response, or (b) there is a persistent 
source of antigen. 

Symptoms include persistent proteinuria, hypoproteinemia, edema, and ascites. Diagnosis depends on 
identification of C3b deposition within the glomerulus by immunofluorescence. 

7. ARTHRITIDES. 

Rheumatoid arthritis is a rare disease of dogs, especially small or toy breeds. There is intra-articular 
erosive disease, with immune complex deposition in the synovium. The basis of the disease is a 
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conformational change amonst certain IgG molecules that renders them the target of autoimmune antibody. 
The autoantibody ("rheumatoid factor") forms immune complexes with the altered IgG, leading to 
pathological changes in the joint. Amongst these are substantial granulomatous tissue formation, covering 
the cartilage (pannus). 

Patients develop chronic erosive polyarthritis, most often in the carpal and tarsal joints. There is depression, 
fever, weakness, and increasing disability. 

The disease is detected by the Rose-Waaler test (see above). A second test is the mucin clot test, in which 
mucin in synovial fluid is clotted by acetone. In patients, the fluid is low in mucin, and clots poorly. 

Nonerosive polyarthritis is usually associated with systemic lupus. There is immune complex deposition in 
the synovium, but the lesion is not erosive and there is no pannus formation. 

Feline polyarthritis is seen in male cats. Symptoms include fever, lethargy, lameness, and muscle wasting. 
There may be a viral etiology. 

8. MULTISYSTEM DISORDERS. 

Systemic lupus erythematosis is so-called because of skin lesions that resemble wolf attack. It is seen in 
dogs mostly, but also in cats and inbred mice. This important disease is caused by autoantibody produced 
against host nuclear materials (DNA, nucleoproteins). Because of this, lesions occur throughout the body, 
and clinical symptoms are diverse. These include hemolytic anemia, polyarthritis, glomerulonephritis, 
dermatitis and vasculitis. Diagnosis is made by detecting anti-nuclear autoantibody in patient serum. 

Dermatomyositis causes skin lesions and muscular weakness in collies and sheepdogs. The disease is 
inherited, and is characterized by large numbers of circulating immune complexes of unknown origin. 

Sjogrens syndrome occurs in dogs as well as humans. It is characterized by conjunctivitis at the 
keratinocyte layer, dry mouth (xerostomia) and autoantibodies to glandular tissue such as the salivary 
gland. 

9. IMMUNODEFICIENCIES. 

These come in two categories; primary immunodeficiency, in which the immune system is itself screwed up, 
and secondary, in which other factors, such as FPT, infection, metabolic or nutritional deficiencies, toxins, 
or neoplasia induce the problem. The examples given here are all primary. 
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Combined immunodeficiency in Arabian foals is a fatal disorder affecting 3% of animals; 25% of males 
carry the offending recessive gene. The defect is in purine metabolism in the precursors of T and B cells. If 
undiagnosed, the foal will present with recurrent infections at a few months of age (when maternal antibody 
levels has decayed). Diagnosis is made by observing undetectible IgM levels. 

Equine agammaglobulinemia is very rare, and is characterized by lack of B cell immunity. 

Selective IgA deficiency is seen in certain dog breeds such as the Shar Pei. The animal has recurrent 
upper respiratory tract infections, otitis, and dermatitis, for obvious reasons. 

T cell deficiency is seen in black-pied Danish cattle, in bull terriers, and in Weimaraners. Thymic 
insufficiency may arise as a result of an embryonal failure. 

Cyclic hemopoiesis is an autosomal recessive trait in silver-haired collies. There is cyclical arrest of 
neutrophil production, leading to recurrent infections. The etiology of the disease remains unknown. 

Chediak-Higashi syndrome is seen in cats, cows, foxes, beige mice, and killer whales. Animals have 
increased susceptibility to bacterial infections; the cause is a functional defect in neutrophils and other 
granulocytes. 

Canine granulocytopathy occurs in Irish setters. The animal has recurrent fever, pyoderma, and peripheral 
lymphadenopathy. Neutrohil function is impaired, including the respiratory burst following phagocytosis. 

10. COMPLEMENT DEFICIENCIES. 

A common reason for complement depletion is Type III hypersensitivity, in which immune complex 
deposition uses up much of the circulating pool of complement components. 

Other causes are certain lymphoproliferative diseases, which may affect the production of complement 
proteins, endotoxemia, in which massive triggering of the alternative pathway can occur, and triggering of 
C3b generation by snake-bite (you will remember the story above about cobra venom; the Eastern 
diamondback rattler is another example) 
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11. TYPE ONE ALLERGIC RELATED DISORDERS. 


Like humans, there is probably a genetic disposition to allergies in dogs. There is a high incidence in 
terriers, and in the dalmatian; a low incidence in the German shepard, dachshund, and cocker spaniel. 

Detection of specific allergens is done by skin testing. Treatment consists of steroid therapy, or 
hyposensitization. 

Allergic reactions in cows (Jerseys) to milk may have an autoimmune basis. Symptoms can range from 
anaphylaxis, or more insidious such as urticaria and upper respiratory tract disorders. 

Chronic obstructive pulmonary disease in horses ("heaves") may be an allergic reaction, as may fog fever, 
or alveolitis. Allergic reactivity to lungworm (Dictyocaulus) antigens has been documented. 

12. TYPE FOUR DTH RELATED DISORDERS. 

Allergic contact dermatitis has been recorded in dogs and may come about from the skin absorption of 
sensitizing antigens. These include carpet materials, dyes, rubber, resins, and domestic cleaning agents. 
Therapy consists of identification of the antigen, and its avoidance. 

Skin reactions caused by flea bites, tick bites, bee stings, and filarial parasites (onchocerciasis) also all into 
this category. 
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